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InHonthlT  W§aU,  VriM  On*  BhlUlac, 

ORE'S  CIECLE  OF  THE  miFSTEIAl  AEia 

A  SKBIE3  OP  VOLUMES  OS  OEKZRAL  TECHNOLOGT,  AfiS  THB 
IHSVEmtlAI.  MD  D£COBAIITS  AB1U 
Tde  CincT.1  ov  IBM  SciBNCBS,  Doif  oD  tbe  ere  of  completion,  wm  nndeitiken  to  tnp^r 
B  SorieB  of  TivatUea  on  Elemenlui;  Scietteo.  In  the  prepindon  of  iheu  Trcoliwi,  Iho 
object  koptia  rievwai  taprodaca  an  eipoaition  of  tho  moteuiefHil  bnmchd  of  Science, 
vrilten  in  the  fallneu  of  knowlodge,  and  with  a  perfect  mastery  of  the  aubjcnt  under 
CfHtiideratioi],  but  deTOid  of  teclmicalitiea  m  far  as  iraa  attainabU  without  the  a&crifleo 
cf  icientific  accoracy.  In  fiiTtlerance  of  this  intentdan,  aaaiatanco  was  tonght  in  tha 
hi^eat  SciontiSo  Cirides,  and  obtaiiiAd  from  tha  eminent  man  wliosa  names  aie  attached 
to  the  respcctlTe  volumes. 

Tbb  CincLE  OF  luDvaniLL  Axn  now  umoonced,  ie  intended  to  form  k  Com- 
paaion  Seiied  to  Tsb  Cibclb  or  n»  Sciskcbs  ; — embodving,  as  it  wot«,  the  Principles 
of  Scienoe  in  Iheirpraetical application  tothevariomilndusbialArl*;  and  ti  asslstanco 
va«  sought  foi  the  fbnaer  8^1m  in  the  highen  quarten^so,  in  like  manner,  lias  the 
moot  efficient  eo-operation  been  obtained  fbr  the  inesent  Wbik,  which  mnf  M  riowcd 
*■  an  extension  of  the  fbnner  acbeme.  Ihe  Conductor  trusts  that  a  suppiai,  «qual  to 
that  ID  Uberallj  acctnded  to  Tarn  CiacLn  or  thi  ScimtcEs,  wUl  be  accorded  to  it*  aoo- 
cenor,  wbich  may  be  considered  ereo  a  greater  tletidtratum  in  our  Ltteisture. 
The  subjects  oontained  In  the  Series  will  be  comprised  in  Ten  Tolumei,  urtnged 
Bi  foUowB : — 

I.  The  X:»ofiiI  Hctals  snd  tJicir  Alloys. 
II.  The    Precious    Uetals    and    theii 

Alloys.  ..._ „,      ,.  . 

III.  Architecture    and    Building     Ccn-  andthe  Textile  FRbrics. 

VIII.  Glass,  Pottery,  ttnd  Porcelain. 
\X.  Paintinr,  Sculpture,  andnastioATk 
X.  Practical  Apiculture, 


Jii  Velum*  new  FailMing  Mnhitni 
THE  VflZrUL  METAI^  Aim  TBEIll  AXLOTS. 

Iiwlnding  Iron,  Copper,  Tin,  Lead,  Zinc,  Antimony,  and  their  teveial  Alloys, 

By  the  following  Writers ; — 

By  'Wh.  Clat,  Esq.,  of  the  Mersey  Inn 
and  Steel  Works. 

YI.  Copper,  Tin,  Zinc,  and  Antimony ; 
their  Mining,  Crushing,  and  SmcItiiiB 
rrocasscs.  By  Hobkbt  Oilakd,  Esq., 
Mineral  Cheniial,  Plymouth. 

YII.  Lead  and  its  Cbcb  ;  including  the 

Mining,  Cnuhlngj  Smelting,  and  Befining 

Processes :  Tlie  tJso  of  Lead  in  the  Aits, 

ApiJicntion  to  Ornamental  Uetal- 


I.  (a.)  Cheniiool  MetaHnrgy,  By  Jons 
ScoiTEiiN,  M.B,  Lend. 

I.  (i.)  Hilling;  with  a  Chapter  on  Venti- 
lation and  Uining  Jurisprudenco,  By  a 
Govcminent  Inspector  of  Hinea, 

II.  Brilisli Iron  Manufacture;  inclnding 


..     „, BmelL„    

Puddling  Processes.  By  Wh.  Thubah, 
Eiq.,  C.E.,  late  Engineer  at  the  Dowlaii, 
Hirwain,  and  Forest  Works. 

111.  Sleel  Manufacture;  including  the 
rariooi  procesics  for  making  Slieor, 
Blistered,  Cast,  and  Indian  Steel 

IT.  Applications  of  Iron  to  Bridges, 
Houscs^nd  Ship-building.  By  W.  F&iu- 
uiGH,  £».,  Manchester. 

T.  On  Wtoogbt  Iron  In  Large  Masses. 


rev.  By  Da.  EicHASnaon,  afNcwcaatle. 
Vhl.  BronEC,  Brass,  and   Omi 


Iron  Work,  their  CompoeUion,  Ancient 
and  Modem;  the  Art  of  Moulding  and 
Casting;  with  their  ApDlications  to  De- 
corative Art.  By  W.  C.  Anux,  Esq., 
Cambridge  WoAs,  Birminglum. 


LOHDOH:  Tm.  S.  OES  AKD  CO.,  AMEN  COENEB,  PATERSOSTEE  BOW. 
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NOTICES  OF  THE  PRESS. 


."I^  u  il  promiied,  the  most  efficient 
oo-oporotion  bo  laourod  for  treating,  in  > 
plain  tad  intelligible  way,  the  yarious 
aubtects  comprised  in  tho  fortbcoming 
■eriGi  (and  the  manner  in  wliicli  the  '  Circle 
of  tte  Sciences '  hu  been  presonlod  to  the 
public,  warrants  na  in  holding  oat  the 
highest  eipectatieoa],  we  shall  look  tbrward 
with  anxiety  to  the  publication  of  this  neir 
book,  the  first  mimbor  of  which  is  to  appeal 
this  month."— Ilietton Pioneer  and Erewaili 
Yttlley  Oaalte,  Derby. 

"  The  nioticr  U  new ;  Ihrt  ig,  it  is  not 
ft  eompilation  from  prcTious  compilfttioaa, 
but  original  writing,  in  which  the  Tcrj 
nen-cst  iiirommticn  is  posted  up  to  yeetcr- 
dny,  SB  it  were." — Iferceiltr  Serald,  Not. 
29,  1856. 

"  We  huTB  roeeire  this,  the  first  part 
of  a  most  importont  nenes  of  treatises,  in 
which  it  is  intended  to  embody  the  prin- 
ciples of  icienco  in  their  practiool  applica- 
tion to  the  Torious  industrial  art).  The 
first  volume  is  dcTotcd  to  '  The  Useful 
Metals  and  their  Alloys  ;'  and  judging  from 
the  citremcly  perspicuous  manner  in  which 
tbe  Bubjccts  comprehended  in  this  part 
treated  by  the  writers,  we  entertain  c 
fident  hopes  that  the  '  Circle  cf  tho  Indus- 
trial Arts'  will  bo  a  uniTcrsal  favourite. 
It  is  evident  that  tbe  spirited  publishere 
have  spared  no  cost  in  bringing  Out  what 
obviously  must  become  a  standard  series, 
whether  we  look  to  the  text,  the  illustrative 
woodcuts,  or  the  general '  getting  up '  of 
the  publication.  It  is  not  to  the  mere 
student  that  such  a  series  as  this  is  valusble, 
but  for  general  reference  and  instruction  it 
is  moat  desirable  ;  because  s  great  deal  of 
the  inforaiatien  which  we  find  here  col- 
lected together  into  ono  point,  has  hilherto 
beeu  se  much  scattered,  that  it  was  often  i 
matter  of  tho  greatest  difficulty  to  procun 
it  when  wanted,  if,  indeed,  it  could  bavi 
been  procured.  The  most  cuiincnt  men  ir 
their  acveral  departments  have  been  en. 

Sged  to  oontribute  to  tbo  series ;  and  w( 
ei-cfere  heartily  recommend  our  readers 
to  proeore  the  work  for  themselves.  The 
cost  is  exceedingly  moderate,  and  brings  it 
withinthe  reach  of  the  hum  blest  mechanie." 
— Baundtrii  N«K$  Ltttei;  Dublin,  Nov. 
29,  IMG. 


This  first  part  commences  the  vd  ui 
whose  title  stands  at  tha  head  of  the  above 
'iat — '  Useful  Metals  ind-tbeir  Alloys,'  in- 
eluding  iron,  copper,  tin,  load,  line,  anti- 
mony, and  their  several  alloys.  The  style 
of  production  in  each  department  it  all  that 
could  be  desired ;  tho  writing  of  the  first 
ordor  of  excellence,  manifcatinf  a  correct 
and  ample  knowledge  of  the  subjects  treated 
of;  the  illuitratiouB  eiecUeut;  the  printing 
beautifully  clear;  and  tbe  whole  appear- 
ance such  that  each  class  of  subjects,  when 
bound  together,  will  form  a  volume  deserr- 
ing  of  a  place  in  the  best  libraries."- 
Derli/  Mtrcurg. 

"A  scries  of  trealisci  on  Induatrial 
Arts,  such  as  is  contemplated  by  tho  j 
prietora  of  this  work,  will  be  of  infiuite 
aetvice  in  a  day  when  the  public  mis 
being  directed  to  the  attainment  of  know- 
ledge, in  every  shape  and  form.  Tbe^pn:- 
sent  number  contains  several  cbaptere  oi 
the  '  Useful  Metals  and  their  Alloys.'  "— 
}Fetlem  Tima,  Teovil  Ftijiag  Foil,  ^e. 

"  Tho  first  port  of  this  new  'Cirole'  hai 
juat  been  issued,  and  it  fully  wsTTaota  thi 
favourable  opinion  which  we  ventured  ti 
anticipate  for  the  work,  when  wo  noticed 
its  prospectus  a  few  weeks  ago.  In  some 
respects  it  is  an  improvement  upon  his  ^  Cir- 
cIb  of  tbe  Sciences,'  to  which  it  will  form  a 
companion  series.  The  typo  is  bolder,  tho 
paper  stronger,  and  the  whole  handsomer 
than  the  preceding  work.  Tbe  first  part  ia 
devoted  to  the  useful  metals  and  their 
alloys: — 1,  Metallurgie  chemistry;  2.  Spe- 
cial metallurgic  processes ;  3.  On  the  varie- 
ties and  comparative  value  of  fuel ;  4.  Spe- 
cial ebaractciistica  of  metals,  their  sources 
and  distribution,  their  chemistry  (qualita- 
tively and  qUHOtilalively),  assaying;  7. 
History  of  British  mefallurgv;  8.  Iron 
0VC3  and  their  conversion;  9.  Fuel  used  in 
tho  manufacture  ef  iron;  and  10.  The  cal- 
cination and  smelting  of  iron  ores."— Zwrfs 
Intdligenetr,  Dec.  1,  1836. 

"  We  regard  tbo  present  number  ai 
earnest  that  the  succeeding  ones  will  be 
audi  as  to  render  the  entire  work,  when 
coroplcte,  a  most  useful  and  excellent  ad- 
dition to  the  many  useful  works  already 
published  on  the  subject." — Galv/ay  3fer- 
ciiri,,  Nov.  2B,  1860. 
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KOnCXB  OP  THS  PKEU. 


"  Nothinc  con  pcore  moe  eonclusiTehr 
u  d»v  hala  vhkA  Nieiuw,  in  all  Ha  mml- 
etrtioM,  hM  taken  ot  tha  puUk  nind,  than 


fleatio«M,haattJceiiottha    , 

the  iiipport  vhich  baa  berai  awarded  (o 
tbeas  puldicatiraia  of  diia  cluB— a  lapport 
wliiii  lua  enabled  ths  piojecton  to  sTsil 

thenuelTBS  of  the  Ligbest  arailable  talent 
in  the  market,  and  to  brinu  tbia  talent  to 
tbe  homes  and  beartba  at  tne  great  indoi- 
thai  elauea  b;  tbe  wiIuctiOQ  of  cheapnesa." 
— Littrpeoi  CAroHida. 

"  '  Tbe  Cirale  of  tbe  Induatrial  AjrU  ii 
intended  to  embody,  aa  it  were,  tbe  prin- 
uplss  of  eeienoe  io  (beir  practical  eppli- 
ealion  to  tbe  various  induitrial  arts;  and 
•a  tbe.eontributoTB  an  men  of  great  scien- 
lifie  eminence,  tbeie  ean  be  little  doubt  ol 
tbe  auoeaas  of  the  undertakiiifF.  Tbe  fiist 
Datt,  whieh  ia  devoted  to  Uie  ■  Uaeful 
Hetala  and  Ibeir  AII07*,'  eontaios  a  de- 
aoription  of  Hr.  Benemer'a  prooeu  for  re- 
filling iron." — Salitburj/  Journal,  Not.  29. 

"In  an  induatrial  age  like  tbia,  the 
name  ^  this  work  ia  aufflcient  to 
nieod  it.     Tbe  aabject  of  tbia  part 


digested  information  for  <me  abilling.  'We 
predict  a  laige  ciroulation  for  tbia  aei*~  " 
■^Dablm  Bailf  Exprm,  Dec.  2,  18fi6. 

-  "  We  have  Ihia  week  received  the  fint 
instalment  of  tbia  work,  to  which  we  al- 
luded a  few  weeks  back,  and  it  fully  realizea 
our  anticipations.  Ita  typography  is  of  tbe 
fint order)  ita  iUustrationa  are  copious  and 
well  executed ;  and  it  desenea,  and  will, 
we  believG,  receive  an  extended  patronage. 
Tbe  work  very  properly  commeaceB  with 
'  The  noeful  Metala  and  tbeii  AUo^s.'  The 
term  '  useful '  ia  defined  as  including  iron, 
copper,  tin,  lead,  zinc,  and  antimony,  Tbe 
work  will  be  a  aeries  of  monoRiapba,  by 
gentlemm  of  known  eminenoa  in  the  aevera.' 
d^artmente;  for  instance,  in  tbe  part  undei 
review,  we  have  some  chapters  on  '  Chemi. 
oal  Metallurgy,'  by  John  Scoffem,  M.B., 
Lond-,  and  some  chapters  on  '  British  Iroi 
Manufacture,"  by  Wm.  Truran,  Esq.,  C.E., 
late  of  tbe  Dowlaie,  Hirwain,  and  Foreat 
WoAb.  Tbe  work,  then,  will  not  be  a 
coupilation  from  various  sources,  but  a 
ooUsotion  of  original  treatiaes  on  the  tnpica 
iadieatad.'  — Waiim-iuptr-MaTt  Oatcttt. 

"If  tbe  aouroes  of  Ugbt  reading  are 
abundant,  and  produced  at  a  price  which 
isaea  alt  precedent  in  point  of  cheap- 
it  ia  gratifying  to  perceive  that  tbo 


wbicli  oomaa  within  ^  naeh  af  aU,  m  tlu 
aerenl  aabjeeta  wineli  ata  embraced  in  Uw 
induatrial  aita.  The  first  part  of  'On'a 
Circle*  commencea  with  *  Tbe  Uiefiil  Metala 

and  their  Alloys,'  written  in  tbe  folneaa  of 
knowledge,  and  with  a  perfect  mastery  of 
tbe  aubjeot  under  conaideration,  but  devoid 
ef  teolimMlitiea,  aa  br  aa  ia  atlunsble 
without  the  aacrifice  of  scientifio  aecuntcy." 
— BancetUr  Qatetti. 

"  Tbe  style  adopted  ia  such  as  ta  ecgaga 
the  attention  of  men  of  sdenoe,  while  aufit- 
ciently  popular  to  be  readily  c«Mnprebcndcd 
by  genraal  resdera.  The  curioua  proceasca 
here  described  are  by  no  moana  nnerally 
underatood,  and  the  information  afforded  ia 
exoeedingly  valuable  in  a  practioal  point  of 
view.  It  ia  important,  for  example,  to 
know  the  composition,  temper,  and  pccu- 
Uaritiee  of  tbe  metallic  implements  wbiob 
enter  so  lai|;ely  into  the  uaea  of  daily  life ; 
and  beyond  tbia  there  ia  a  still  larger  utility 
to  which  we  may  look  forwaid." — London' 
deny  Standard. 

"  In  tbe  preaent  day,  when  iron  conlbra 
more  benefits  and  bleasinga  on  mankind 
than  even  gold,  and  enten  into  all  tihe  in- 
duatrial operations  of  the  land,  every  indi- 
idual  possessed  of  tbe  smallest  enlightcn- 
lent  most  feel  a  deaire  to  make  lumself 
acquainted  with  the  nature,  qualities,  and 

rious  opei'ations  combined  with  and  used 

bringing  the  crude  ore  to  a  aeriea  of  truly 
wonderful  graditiona,  until  it  arrirea  at  ita 
height  of  pecfeotion ;  and  to  obtain  tbia  in> 
■igbt,  the  student  and  curious  inquirer  will 
find  the  safest  and  surest  instructor  and 
guide  in  the  series,  the  first  part  of  which 
-  — w  before  us." — Wexford  Indtpendtnt. 
We  have  carefully  looked  through  tbe 
part  of  Orr's  new  '  Circlo,'  and  pronounce 
it  to  ho  equal,  if  not  superior,  to  uie  '  Circle 
of  the  Sciences.'  It  is  likely  to  be  main 
widely  difi^used  and  more  geacruUy  read,  as 
being  less  purely  scientifio.  It  is  printed 
on  beautiful  paper,  profusely  illustrated,  and 
in  good  type.  'This  part  commencea  tbe 
volume  on  the  Useful  Uetals  and  their 
Alloys,  and  containa  pari  of  Prof.  ScoSem's 
introduolory  treatise  on  Chemical  Metal- 
lurgy, and  also  part  of  a  treatise  on  British 
Iron  Manuibcture,  byapractieal  mim,  Mr. 
Truran.' '— ifB*(Htj«  and  St.  Ztonar^t  Nan: 

"Messrs,  Orr  and  Co.  have  done  good 
ico  to  tbe    advancement  of   popular 
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KOIICBS  OP  THE  ^l£SS. 


kikowledgo  on  almost  ercrj  Tarioty  of  sub- 
ject. Ons  of  thomoitTila>bleimblic[ttioiu 
of  doB  dus  wu  the  '  Circle  of  ths  ScL' 
ences,*  a  work  well  known  to  very  mony  of 
our  readcra,  as  coinpruing;  an  entire  cyclo- 
pmdiB  of  (cienco  in  all  it«  most  practicul 
dopartmenls.  That  work  is  now  being  euc- 
oceded  by  one  whicb  promifiee  to  be  equally 
interesting  and  Taluable— a  '  Circle  of  the 
Industrial  Arts.'  The  first  part  of  thafirst 
Tolumo  is  jiut  out,  and  contains  chapters 
on  the  following  branches  of  the  main  sub- 
ject, the  nsofid  Hetols: — 1,  metallurgic 
chemistry ;  2,  special  meCallurgic  proceseos ; 
3,  on  the  varieties  and  compsialiTe  ralue 
of  fuel ;  4,  special  characteiiitics  of  metals, 
their  aourcoB  and  distribution,  their  che- 
mistry (qualitatiTcly  and  quantttatiTely), 
assaying ;  7,  history  of  British  metallurgy ; 
8,  iron  ores  and  their  convermon ;  9,  fuel 
used  in  the  manufacture  of  iron ;  and  10, 
the  calcination  and  smelting  of  iron  ores. 
The  chapters  are  subdivided  for  the  con- 
■ideration,  in  a  definite  manner,  of  the 
varians  practical  matters  which  sug^eat 
themselves  secondarily  in  the  course  of  the 
tatise.  The  teM  of  the  work  is  written 
a  practical  manner,  while  it  shows  the 
}Bt  extensive  and  scientific  knowledge  of 
the  subject  treated  upon." — Bearboraugh 
Gaiettt. 

"  The  '  Circle  of  tho  Sciencos,'  which  ii 
iw  on  the  eve  of  completion,  obtained  n 
well-deserved  popnlarity  by  the  fnll  know- 
ledge and  mastery  of  the  subjects  which  the 
tera  displayed,  and  we  have  no  doubt 
t  the  aeries  which  has  now  been  com- 
nenced  will  equally  merit  an  extcnsivi 
ecsB.  Tho  papei-B  in  the  first  part  art 
Ucn  by  men  eminent  in  connexion  witt 
matters  they  undertake  to  eiplain,  TLi 
latest  improvements  in  the  proceeses  tC' 
ferred  to  arc  admirably  divested  of  techni- 
calities, and  explained  in  a  style  which  n< 
one  can  fail  to  comprehend." — SeJfiat  Ktto 
LHUr. 

"Tho  first  volrnno,  of  which  the  present 
part  is  the  commencement,  trcata,  as  will 
be  seen  by  tho  title  above,  of  'Useful 
Metals  and  their  Alloys,'  and  is  to  embrace 
tho  following  subjects  : — Chemical  metal- 
li^isri  mining,  British  iron  manufacture, 
ateel  manufacture,  application  of  iron  to 
bridges,  Sec.,  wrouglit-iron  in  large  masses, 
copper,  tin,  zinc,  and  antimony,  lead  and 
ita  usee,  bronse,  brass,  and  ornamental  iron 
work.  ThewTiteraarcJohnScoffeiii,H.B.; 


W.Trnran,C.£.,lateof  theDowlaia  works; 
W.  Fairbaim;  W.  Clay,  of  the  Heraer  iron 
and  steel  works  -,  E.  Oiland,  mineral  che- 
mist, Plymouth  J  Dr.  fiiehardson,  of  New- 
castle; andW.  C.  Ailken,  of  Birmingbtm — 
men  who  write,  as  was  said  of  those  in  the 
formci  series,  in  the  fulness  of  knowledge, 
and  with  a  perfect  mastery  of  their  sub- 
ject*."— KnTth  DcTon  Journal. 

"  This  ia  the  commencement  of  a  le 
of  volumes  on  general  technology  and  the 
indoitrial  and  decorative  arts,  and  is  in- 
tended as  an  extension  of  the  scheme  of  the 
same  publishers'  '  Circle  of  the  Sciencea,' 
now  near  completion.  The  first  part  bwini 
the  volume  on  '  The  Useful  Hetals  and  their 
Alloya'  Thia  anbjeet  will  be  divided  into 
eight  sections,  each  of  which  will  be  treated 
by  eminent  and  practical  men,  whoso  nami 
are  announced."— i)o-iy»Aii<  AdTirtUcr. 

"  This  publication,  tiie  advent  of  which 
we  announced  some  weeks  ago,  promises 
to  form  a  highly-important  feature  in  the 
scientific,  mechnnieol,  engineering,  and  ar- 
chitectural literature  of  tho  day." — War- 
eattr  Jiyumal. 

"The  volumes  comprising  it  are  to  be 
ten  in  number,  including  treatises  on  tho 
useful  metals,  the  precious  metals,  archi- 
tecture and  buUding  eontiivances,  civil  en- 
gineering, the  military  art,  decorative  ait, 
bleaching,  dyeing,  printing,  and  the  taitilo 
fabrics ;  glass,  pottery,  and  porcelain ; 
painting,  sculpture,  and  the  plastic  art ; 
and,  lastly,  piictical  agriculture." —  Witt- 
tnoreland  Oaattt. 

"Messrs.  On  and  Co.  have,  with  this 
part,  commenced  the  publication  of  a  serica 
of  monogrspha  upon  subjects  of  the  very 
highest  importance  to  a  manufacturing  and 
trading  people.  The  first  volume  will  bo 
of  peculiar  interest  to  tho  population  of 
this  dielrict,  as  will  be  evident  when  wo 
mention  that  the  treatises  contained  in  it 
will  treat  of  the  Useful  Metols  and  their 
Alloys,  and  that  under  this  generic  heading 
will  be  included  treatises  on  Chemical  Me- 
tallurgy, Milling,  and  British  Iron  Manu- 
&ictare." — Durham  Chronicle. 

"  The  work  under  notice  is  intended  to 
oihihit  the  practical  application  of  smence 
to  the  various  industrial  arts,  an  object 
which  requires  not  a  word  to  commend  its 
importance.  The  current  part  treala  of  the 
useful  metals  and  their  alloys,  and  does  ao 
in  a  style  at  onco  scientific  and  popular." 
—Northern  Waritr. 
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It  may  not  lie  out  of  place,  in  tlie  closing  Tolume  of  a  work  vhicli  lias  entailed  on 
editor  no  anull  andetf ,  wliile  it  luu  alio  yielded  him  much  gratification,  if  he  Tsnlura 
o  take  a  retrospective  glance  at  tlie  course  which  haa  been  pimued,  and  the  manne 
whioh  tho  promiaes  made  in  its  commencement  have  been  fulfilled. 

The  Work  was  undertaken  with  a  lealaua  dewre  to  supply  a  toriet  of  Elementary 
Tieatiaes  on  the  various  Suiences,  trustworthy  in  thoir  modes  of  treatment  and  in  their 
details,  and  written  by  authors  who  were  masters  of  their  subjects.  Acting  on  thia 
principle,  writers,  aminent  in  science,  were  induced  to  lend  their  aid ;  and  the  Trea- 
tises produced  by  them  are  now  submitted,  in  their  completed  foi'm,  with  that  confidence 
which  their  reputation  jusMes.  That  the  Editor  has  been  able  to  carry  out  the 
original  plan  to  a  successful  issue,  must  be  gratifying  to  those  who  have  so  effluently 
aided  him  with  t^eir  pens ;  to  whom,  as  well  as  to  that  portion  of  the  public  who  have 
supported  the  undertaking  throughout  its  progreaa,  he  takea  thia  opportunity  of  ten- 
dering his  grateful  thanks. 

la  the  course  of  the  undertaking,  some  of  tho  moat  abstruse  branches  of  human  know- 
ledge have  been  approached.  The  "  Structure  of  tho  Skeleton"  has  been  developed  by 
the  great  Comparative  Anatomist  of  our  day,  Frofesasr  Owen,  with  a  wonderful  power 
of  condensation ;  and  tho  "  Varieties  of  the  Human  Eace"  hare  been  discussed  by  the 
equally  celebrated  Dr.  Latbam. 

The  several  Treatises  on  the  "  Hathenatiio]  Sciences"  have  elicited  high  praise  in 
quarters  well  qualified  to  form  an  opinion,  for  the  clearness  with  which  the  principles 
have  been  laid  down,  and  their  development  carried  out. 

In  Geological  Science,  it  is  only  necessary  to  name  Professor  Ansted  as  the  author 
of  the  Treatise;  while  the  monographs  on  "Mineralogy"  and  "Crystallography," 
though  sealed  hcx^  to  the  many,  are  recognlied  by  competent  judges  as  masterly 
instances  of  the  powers  of  mathematical  demonstration  in  the  Itev.  Gentleman  and 
learned  Professor  who  have  produced  them.    The  collateral  subject  of  Chemistiy  vill. 
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likeiriae,  fumuh  itcceplaUo  kid  to  the  studcat  in  the  pioiecutioii  of  hu  iijiiuiriei  in  this 
important  field  of  philoEophical  reseurcli. 

In  the  great  branches  of  Natural  Science,  embracing  Botanj  and  Zoologj,  the 
Editor  thinks  himself  fortunate  in  haviag  secured  the  assistance  of  Dr.  Smith  and  Mr. 
BalloB.  The  former  has  fiimiBhed  a  monograph  ramurkable  for  its  simplicity,  its  lucid, 
arrangement,  and  its  microscopic  illuatration.  The  If  atucal  History  of  the  Animal  King- 
dom has,  in  the  opinion  of  Bomo  of  our  meet  acute  critics,  happily  united  the  neccesarj' 
precision  requisite  for  aach  a  monograph,  with  the  popular  illustrstion  required  by  the 
character  of  (he  Work  of  which  it  forms  a  portion. 

Nor  is  it  probable  that  the  present  Volume  on  "  Mechanical  Philosophj"  will  exhibit 
any  fulling  off  from  its  predecessora.  The  Mathematical  formulie  of  the  first  half  of  the 
Volume  will  be  founil  to  be  amply  iUustmted  by  the  practical  knowledge  diaplayed 
by  the  Author  in  that  portion  of  the  Volume  devoted  to  Practical  Mechanics  and  t^ 
Steam  Engine, 

It  will  probably  he  objected  by  some,  that  subjects  were  originally  promised 
which  hare  not  appeared  :  this  is  in  some  sense  true.  Several  treatises  on  the  bighei 
blanches  of  Mathematics  were  originally  contempUted,  and  would  hare  been  supplied ; 
hut  the  readers  by  whom  such  subjects  are  in  request  were  found  to  be  too  limited  is 
cumber  to  justify  their  production.  Other  subjects  belonging  more  to  general  Tech* 
nology  will  be  diacuascd  in  the  Circle  of  tue  Industquj.  Aqts,  a  work  now  in  co 
of  Publication  under  the  same  supcrinteDdence. 

It  has  been  objected  to  this  Work  (hat  the  want  of  consecutive  publication  has  led 
to  much  inconTenienee  to  the  Subscrihera,  and  created  conaiderahle  discontent  on  their 
part  This,  though  much  to  be  regretted,  was  quite  unayoidable ;  as  the  lahour  of 
producing  a  weekly  sheet,  on  some  of  the  subjects,  was  physically  impossible,  and 
no  mode  presented  itself  of  meeting  the  difficulty  but  that  which  was  pursued.  The 
Editor  hopes,  howCTer,  to  aroid  such  irregularity  in  tho  CrnoLE  os  the  Indu3tei»l 
AaxB.  For  the  conrenienca  of  the  subscribers  to  tho  present  Work,  a  copious  i 
of  Directions  to  the  Einder  occompauies  the  present  sheet,  which,  it  is  hoped,  will 
obviate  any  confusion  in  binding  the  volumes. 

AkEK   COEINEB,   PATBRHOSrEB   BoW. 

J>Keiuier  9,  1866, 
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on  by  any  forces,  the  subject  may  be  divided  into  four  divisioiu — SUtica  and  Hydmta- 
ticB,  wbich  treat  of  the  equilibrium  of  solids  and  fluids ;  and  Dynamics  and  Hydrodyna- 
mics, wHch  treat  of  their  motion.  Astronomy,  the  figure  of  the  earth,  and  Acoustics, 
sre  bU  branches  of  mechanics,  as  they  depend  upon  the  laws  of  equilibrium  of  either 
solids  or  fiuids. 

Fosca  SUA  Mattm. — Force  and  matter,  and  their  mutual  influence  on  each  other, 
are  the  greatobjeeis  of  Katurol  Pbilosopby.  It  is  clear,  therefore,  that  some  knowledge 
of  their  nature  and  properties  must  form  a  necessary  introduction  to  the  study  of  Physics ; 
but,  at  the  very  commeooement  of  our  undertaldng,  we  must  confess  our  ignorance  of  the 
esamtial  nature  both  of  matter  and  force.  We  have  an  intnitiTe  conTiction  of  their 
;  we  Imow  a  grest  deal  abont  them — every  freah  accession  to  our  knowledge 
our  power  over  them ;  the  steam-engine  «nd  the  elnotrio  telegri^h  are  result* 
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FORCE  AND  MiTTEE  COERELATIVE  TEEUB. 

'  which  have  gpnmg' (torn  our  acg^iuuntayoe  Tith  Arir  lawa ;  but  Ihe  more  profoimdl;^  we 
inTestigate  t^eir  r^latiCTriy  the  uojc  we  hennu  oeavmeed  of  our  ignoraucei  and  the  wide 
field  of  discQTeiy  which  std  Iie»  befbr»  ns,  IFe  see  a  loidstone  attract  a  jiieoe  of  irtm, 
and  we  find  it  attraiit  OQC  cMdof  Mnm^pietie  needle  niid  repel  Ibvotiieriiaul  we attntiale 
fllig  attntctiDD  and  npulanwto'Ac  existence  of  a  &rce  in  Ac  JoaiUMM^  «iidi  we  caU 

llli   iiii^iiliii  Pill  I  ,    mill  II  II  I  Wwi  ti  I  filT  fmiii  lli    liiiiil  ilm  i  iJli  ftBgliaiiil,  iiiiil 

e  mvRm  ite  amaint  t<r  tm  rdtraOSmx.  cd^'tie  etsA:  wB  caIlABAn«  wBUgndocGB 
this  *fltct  gnvitj.  How,  i^esn  inVcMigate  the  EnMri  the  ma^niK  foMWa  Witli  Hi 
dKnfrofgmvfihtiti^^destliiMte  their  idk)(9  on  Brstetial  bodw  ^  yet,  afier  aBy  w«lAiiII 
beobliydtwithSlKToiuif;,  "to aclmow1(Fd|*«C' total  igQa^au-froMt-utiKiattlMtre 
of  Smeee  of  every  descriptiottr' 

'Whenever  wd  rs  c  bod^  in  motioDj  we  attribute,  its  OMtiaD  ta  the  ciisttsee  ef  & 
fone.  A  shipiula  by  fc  forae  of  tho  winA  uid  Udo,  a  boat  il  pM^iellsAk;  the  lOMBolaT 
fx^e  of  di»  iMMr,  ml  &  lotomotif  e  Iq  the  espmaion  of  i9n  ti«aa  gnMsted  in  'dk 
boiler;  ia  aijitiim  to- tliia,  i>o  find  that  two  i»  BuKeS)n!esn'lvA,  aatiogsqtratdfona 
body,  would  each  eanee  As  bo^  to  mow,  nmy  bo  at  applied  aa  to  cnMcBcC  each  other'B 
efleeta,  and  tE:cp  it  at  rest,  Ws  may  thscofore  delhe  6ree  to  te&at  «Unk  eifliBT  pio- 
"iiceB,  or  lends  to  produce  motion. 

Having  thuB  «»rivcd  at  a  definitiim  of  fa-cc,  we  amy  1»«bHo  to  obtain  one  formatter, 
a  matter  is  that  wfaieh  is  either  moved,  or  een  bo  mttveil  by  force. 

Force  and  matter  may  thus  be  comidmd  correlative  temu,  and  \vc  ehoulil  be  unable 
)  arrive  at  a  knowledge  of  the  eiistcnco  of  the  one,  without  the  aid  of  tie  otiicr.  Every 
particle  of  matter  in  the  universe  is  endowed  with  dietinct  propertica  of  force,  which  fit 
it  in  many  marvellous  ways  to  act  on  other  particles  of  matter.  Huw  many  of  these  aro 
still  hidden  from  the  researchce  of  the  human  mind,  wc  Imow  not ;  but  this  we  do  know, 
that  all  the  phenomena  of  tlie  external  world,  which  wo  can  explain,  can  be  traced  to 
»  properties  of  force  to  which  we  can  ascribe  no  otlicr  origin,  when  we  contemplate 
the  wisdom  of  their  application,  than  t^o  will  of  an  almighty  and  all-wise  Creator, 
'  ess  we  would  be  fuilty  of  the  fiilly  of  believing  that  the  print  which  now  meets 
the  eye  of  the  reader,  owed  ita  existence  t«  no  other  cause  than  the  attraction  of 
~ia  ink  for  t^  paper,  ooeurring  by  chanoo,  without  the  intervention  of  an  intelligent 

Matter  which  can  bo  acted  on  tjy  the  force  of  gravitation  ia  called  ponderable, 
while  that  which  is  unaffected  by  it  is  termed  imponderable.  The  particles  of  light, 
caloric  6r  the  principle  of  hefttf  tJie  electric  ffuids  and  ether,  are  tJte  only  known 
imponderaUe  elements. 

I^poadanUe  UlAttei The  prevailing  opimoo  at  present  ia,  &a.t  beat,  light, 

and  deotricrty  ars  not  themsdves  composed  of  material  parttelea,  but  are  produced  by 
vibrations  of  unknown  and  highly  daatio  fluids  called  ethers,  which  ars  supposed  to  fill 
tfe>  whole  anirene,  and  penetrate  tJia  pores  of  all  eolid  and  fluid  bodies.  Whether  the 
other,  which  ia  aupposed  to  produce  light  by  ita  vibrations,  be  the  same  as  the  ether,  to 
which  the  effects  of  heat  and  electricity  are  attributed,  can  only  at  pi^sent  be  matter  of 
conjeetuce,  (hough  the  advance  of  natural  science  every  day  leads  us  to  new  litcts, 
which  seem  to  refer  heat,  light,  and  elcirtriDity  to  the  modificatioiis  of  some  common 

Pood*!^*  Bbttex.~All  bsdieB  compo»ed  of  ponderable  matter  may  be  drrided 
into  simple  toA  compound  anbstanoeB.  By  dmple  substances,  we  mean  those  which 
cannst  be  reselrvd  by  tke  cbemirt  into  any  simpler  elements ;  thus  gold,  ailvcr,  and 
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iron  an  simple  Bnbstancei ;  bnos-  and  steel  am  compotmd,  Inus  beini;  eompowd  of 
copper  and  eihg,  ateol  of  iron  sod  carbon.  The  copper,  Einc,  iron,  and  CKrboii  Bre-  aH 
conmdcrf  d  elcmenlary  BnbatBncee,  Btnee  we  bare  not  been  able  to  find  any  simple  Bbb- 
stajiccB  wbich,  combined  together,  will  ftnm  tbem ;  not  havo  we  bean  able  to  rewdre 
them  into  any  other  eubEtanoes  tlian  themselTea. 

Tie  number  of  elementoiy,  or,  perhnpa  speaking  more  Correctly,  ondeCcanpoBililo 
ponderable  aubstances  hitherto  diBcovcrcd  unQimfa  to  Biity-three ;  two  or  tliree  of 
these  an  perhaps  doubtfol,  the  analysis  (rem  which  tfaeir  exiBtence  haa  been  assumed 
rT^uiiiog  further  conflrmotion.  These  elementary  substances  may  be  diTided  into  two 
classes — metalloids,  or  non-metallic  elemraits,  and  mctah.  There  are  twdre  non- 
metillic  elements — oxj^n,  finorine,  chlorine,  bromine,  iodine,  s^niont,  sulphnr,  phoe- 
phorna,  boron,  carbon,  hydrogen,  and  nitrogen ;  the  rest  of  tbe  elements  are  metals. 
This  dlfiaion  is,  however,  in  a  considerable  degree  arbitrary ;  ailicium  is  sometimes 
regarded  as  a  non-metallic  body,  and  iodine  and  bromine  as  metals. 

All  ponderable  matter  hitherto  discorered  c(Hisista  eidier  of  some  one  or  other  ot 
these  elementary  bodies,  or  is  a  eomponnd  fcimed  by  tJie  combination  of  two  or  mow 
of  fiiem.  TTatcr  will  aflbrd  a  familiar  inslSQce  of  s  eomponnd  Bubstonce.  It  ia  com- 
posed of  two  dementary  todie»,  oiygen  and  hydrogen,  combined  togethor  in  the  pro- 
portion of  one  part  of  hydrogen  by  weight,  to  eight  parts  of  onygcn  by  weight,  or  two 
measures  of  hydrogen  to  one  measnre  of  oiygen,  when  we  tale  as  our  mcaanre  the 
cubic  space  occulried  by  the  gases  undar  the  aamo  pressure  and  at  the  some  tempcratuie. 
This  ia  proved  by  analyBia,  or  the  decomposition  of  water  info  its  elements,  and  by 
synthesis,  or  the  composition  of  water  by  the  combination  of  its  elements.  The  anaiyEis 
beautifully  shown  by 
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low  square  glass  priamB,  dosed 
at  O  and  H,  whoso  bases  ura  each 
equal  to  a  square  inch,  and  gra- 
duated by  a  scale  of  inches  along 
ono  of  their  edges,  so  as  to  show 
the  number  of  cubic  inches  fkef 
contain,  be  filled  with  water,  and 
placed  inyerted  in  a  yeesel  A  B,  also 
containing  water,  in  such  a  manner 
that  the  prisms  may  remain  Kill 


of  ■(< 
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galranic  battery,  terminated  each 

by  a  piece  of  platinum  fini,  be  introduced  into  the  Tcssel,  so  that  the  platinnm  foil  forming 
the  positiTP  pole  of  the  battery  may  bewithin  the  prism  0,  and  that  forming  the  ncgatiTe 
in  H ;  BO  soon  oa  the  battery  is  set  in  action,  bubbles  of  gas  will  rise,  as  it  were,  from  fbe 
platinum  foil,  and  occupy  the  upper  portion  of  the  prisma.  The  gas  in  the  upper  part 
of  O  will  be  pore  oiygen,  and  that  in  H  pure  hydrogen.  The  gas  in  H  will  always 
occnpy  twice  the  space  of  th^  in  0  ;  but  if  the  gas  generated  in  any  pven  time  in  0  be 
wei^ied  against  that  generated  in  H,  though  only  half  in  bulk,  it  will  be  eight  timea  as 
heavy.  For  this  beantifbl  mofliod  of  analyeing  water,  we  are  indebted  to  Nieholsoa 
and  Coiliale.  If  now  we  mii  the  oxygen  in  0  with  tiie  hydrogen  in  H,  boft  gases 
will  entirely  disappear  on  an  electric  spark  being  passed  through  them,  and  their  place 
wffl  be  occupied  by  pure  water,  equal  in  wnght  to  Qui  sum  of  tlie  weights  of  the  two 
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guea ;  and  this  piores  Oid  oompodtioii  of  water  by  lynlliedi,  ot  the  ooiiibiiiati<m  of  its 
elonmits.  We  axe  thoB  ensbled,  hj  meaoB  of  electricitf ,  to  shov  the  compoaitian  of 
nter,  both  uudjticaUy  and  syntbeticaUf .  The  compositioii  of  water  can  also  be  deter- 
mined bj  ™«MTig  oDe  or  other  of  its  elements  conibiiie  with  other  olemenla,  which  is 
the  chemical  mode  of  uudjaJa. 

Bj  methods  similsr  to  those  emplojed  for  the  anslysis  of  irater,  all  ooupoiuid 
sohBtances  hitherto  met  with  have  been  ansljeed,  and  their  constituent  elementa  detei^ 
miiied ;  it  does  not  follow,  however,  that  these  elements  may  not  hereafter  be  shown 
to  be  either  compounds  of  one  another,  or  composed  of  elements  not  yet  discovered. 
For  a  Itrng  time  the  well-known  gnbetaoces  potash  and  soda  were  regarded  as  elemen- 
tary, until  Davy,  by  means  of  his  powerful  galvanic  battery,  rosolvcd  them  intc  com- 
binations of  the  gas  oxygen,  with  the  hitherto  unknown  metala  patasduni  and  sodium — 
metals  so  light  as  to  swim  on  water,  and  so  inflammable  aa  to  be  set  on  fire  by  mere 
contact  with  water. 

In  aninuJ  and  vegetable  bodies,  the  vital  force,  whatever  it  may  be,  is  able.  Out  of 
the  four  elements,  oxygen,  hydrogen,  nitrogen,  and  carbon,  to  form  a  number  of  com- 
pounds which  seem  to  de^  our  powers  of  ennmeration,  Liebig  tells  us  that  in  living 
bodies,  "  with  carbon  and  nitrogen,  with  carbon,  hydrogen,  and  oiygen,  with  nitrogen 
and  hydrogen,  are  formed  compaund  atoms,  which  in  their  propertdea  are  perfectly 
analogous  to  chlorine,  to  oxygen,  cr  to  sulphui,  or  to  a  metallic  body — not  in  a  ffew 
isolated  points  of  resemblance,  but  in  all  their  properties.  It  is  scarcely  po!iBible  to 
imagine  anything  more  wonderful  than  that  carbon  and  nitrogen  should  form  a  gaseous 
componnd  (cyanogen),  in  which  metals  bum  with  the  endution  of  light  and  heat, 
as  in  oxygen  gas ;  a  compound  substance,  which  in  its  properties  and  deportment  is 
a  nmple  substance, — an  tlttatnl,  the  smaUest  particles  of  which  possess  the  same  fium 
as  those  of  chlorine,  bromine,  and  iodine,  since  it  rsplaces  them  in  their  combinations 
without  any  alteration  in  the  crystalline  form  of  the  compound." — Liebig's  Lttteri  on 
Ohemittty. 

From  this  we  may  not  unreasonably  conclude  that  it  is  probable  that,  as  che- 
mistry advances,  the  number  of  so  called  elementary  subalances  may  be  considerably 

TIm  tbxM  MechMilcAl  St*tei  oC  Kattei. — -AH  ponderable  matter  is  Grand 

in  one  or  other  of  three  states — the  solid,  liquid,  or  aeriform.  A  solid  body  is  com- 
posed of  particles  of  matter  united  together  by  forces  which  cause  the  body  to  retain 
its  shape  unaltered,  except  the  particles  are  forced  asunder  or  displaced  by  some  degree 
of  violence;  a  solid  body  is  considered  hsxd  or  soft,  according  as  it  requires  a  greater  or 
less  degree  of  ferce  to  alter  its  form  or  displace  its  particles.  The  particles  which  form 
a  liquid  body,  are  united  together  in  such  manner  as  to  allow  them  to  move  about 
one  another  with  great  freedom  and  with  but  little  friction ;  a  liquid  consequently  yields 
BO  readily  to  external  force  or  pleasure,  that  it  retains  no  form  of  its  own,  but  readily 
assnmee  that  of  any  vessel  in  which  it  may  be  placed,  without  altering  its  volume. 
A  gas  or  acrifbrm  ftuid  is  one  whose  particles  mutually  repel  each  other  in  such  a 
manner  that  a  gas  has  neither  definite  form  nor  volume ;  its  form  and  volame  being 
imly  limited  by  the  vessel  in  which  it  is  inclosed,  or  by  tho  pressure  exerted  on  it. 
A  quantity  of  gas,  however  anudl,  may  be  mado  to  fill  a  vessel  of  any  size  or  shape. 

Heat  and  ^a^ssure  seem  to  be  chief  causes  of  bodies  existing  in  each  of  these  three 
ttates,  and  it  is  luubable  tliat  there  is  a  particular  temperature  and  pressure  for  every 
solid  body  at  which  it  would  assume  any  one  of  Uiese  three  states.    There  it  so  Mdid 
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tabatanoe  Iniowii  vldeh  Buy  not  be  Tandared  liquid,  and  fiiul]f  oanTerted  into  Ttponr, 
by  the  ipplicAtion  of  >  lieit  nifflciently  intenie ;  and  we  may  reaaonablf  conclude  that 
■n  bodiea  irilicli  >re  liquid  Tould  become  Mlid  or  &eeie,  if  we  could  iuffiaiacdy  nduoe 
thor  tempenture,  allhou^  some  liquids  have  Mtherto  naiited  the  great«at  amoont  of 
oold  we  bavo  been  able  to  procure  by  sitiflciBl  meani.  Some  Tlponra  or  a£rifbmi  fluid* 
are  readily  oonddued  by  cold  into  Ibe  liquid  state ;  otben  roquiie  great  iuteniity  of 
Dol^  or  great  pressure,  or  bolb  combined,  to  render  them  liquid;  and  we  may  inltar,  from 
tbe  gases  already  condensed  by  cold  and  pressure,  that  all  mi^t  be,  could  we  only 
proeore  the  necessary  degree  of  cold  and  preesure. 

Vater  is  known  in  three  itates — the  lolid,  the  liquid,  and  the  aGriform;  and  Uu 
amoont  of  beet  by  which  it  ia  influenced  at  the  moment  determines  ita  exiatenee  in  one 
or  other  of  these  three  eonditioiu.  QmcksilTer,  iHiich  like  water  is  liquid  at  the  ordi- 
nary temperature  of  the  earth's  suT&oe,  is  known  in  the  solid  utate  during  t^  winter 
of  the  arctic  regicau  I  and  by  atemperaturo  andioathat  atwhichoil  boils  itis  conrerted 
into  T^oor.  Sulphuric  acid,  that  is  oil  of  Titritd,  when  wholly  depriTed  of  water,  ia 
known  in  the  solid,  Ae  liquid,  and  the  aeriform  states,  according  to  the  temperature  to 
lAioh  it  is  subjected.  Sulphurons  acid,  the  body  formed  by  burning  sulphur  in  the 
air,  is  a  gas  at  ordinary  tempemtores,  but  on  being  expeeed  to  cold,  that  is,  being 
depiired  of  same  pntion  of  ita  heat  (&r  the  Idea  Uut  c<dd  is  a  poaitiTe  quality  aiiiiiii 
now  wholly  abandoned),  is  conveited  into  a  liquid. 

ChenuBtK  term  those  aerifbnn  bodies  which  exist  in  that  state  at  the  ordinary  tem- 
perature of  the  atmosphere,  "  gtaa;"  while  they  restrict  the  nae  of  the  term  "v^onr" 
to  those  which  require  a  higher  tempecatnte  to  retain  than  in  the  a£rifbrm  state.  By 
this  rule,  water  In  the  a^riflnm  state  is  called  a  mpour,  while  sulphurous  aod,  lAich 
requires  cold  to  convert  it  into  the  liquid  state,  ia  called  a  gas. 

Some  bodies  are  laiown  only  in  the  aSrifoim  state,  or  aa  gaaes ;  diat  is,  the  meana 
of  oonverting  them  into  the  liquid  and  solid  forms  have  not  yet  boon  diaoovered. 
Oxygen  gas,  or  that  element  of  the  atmoaphere  which  is  '>«»«"*''«1  to  the  mpport  of 
ordinary  combuitlan  and  of  animal  and  vegetable  lifo,  is  an  example.  Thia  gaa  haa 
hitherto  resisted  all  the  attempts  made  by  the  joint  efforts  of  cold  and  pressure  to  eon- 
deiue  it  into  a  liquid  or  a  solid.  It  is  not  therefore  to  be  concluded  that  it  is  impos- 
sible for  oxygoi  gaa  to  exist  in  the  liquid  or  in  the  aolid  state ;  but  only  that  this 
conversion  requires  a  greater  amount  of  cold,  or  a  greater  amount  of  pressure,  or  of 
bodi  conjoined,  than  science  has  as  yet  at  ita  command. 

A  number  of  bodiea  which  exist  at  common  tempentures  as  gasee,  can  be  con- 
Terted  into  liquids  by  the  joint  eitMi  of  cold  and  presaore ;  a  tew,  like  sn^nrous 
atnd  gas,  alioady  aenlioned,  are  changed  from  the  gaseona  to  the  liquid  Btate  by  cold 

Some  bodies,  as  die  metal  araenic,  by  the  eff^  of  heat,  at  leaat  under  the  ordinary 
Bfanoapfaeric  preaanre,  pass  at  once  from  the  solid  to  the  aSrifoim  state.  Carbonic  add, 
file  gaa  which  escapes  in  the  efTerrescence  of  loda  water,  at  the  freezing  point  of  water 
[32?  Fahr.),  is  condensed  by  a  conmderable  pressure  into  a  liquid,  and  then,  being  relieved 
from  pressnie,  part  of  it  passes  info  a  solid  by  the  effect  of  the  oold  produced  by  ita  own 
evaporation.  Hence,  as  carbonic  acid  is  not  known  as  a  liquid,  except  under  great 
pressure,  it  mnat  be  r^arded  as  an  example  of  a  aolid,  which  passes,  under  the  ordinary 
pressure  of  the  atmosphere,  at  once  into  the  aeriform  state.  Carbonic  acid  is  the  only 
instance  yet  known  of  a  soHdifled  gas. 

From  what  we  have  thos  incidentally  said,  it  sufficiently  appean  how  mui^L  the 
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Hav  irur  ItottM  ean  ^dst  la  tk*  Uum  ltoch*Blo»l  StatM.— A&r  the 
^eoeduig  details,  ve  vpgttx  to  be  in  a  conditisu  to  dctenituie  how  foi  it  is  wansnt* 
able  to  Hmme  it  to  be  a  Isw,  that  all  hodica  sie  capable  of  aijjtiii^  in  the  solid, 
Ihe  Ucpiid,  Bsd  the  acnfami  atatca.  Oae  gteat  limitstion  to  Hub  propositioa  Bt.anct 
■Dggeals  it«eU^  uAinelj,  tluit  num;  oampouml  bodies  eiistii^  in  the  solid  state  aie 
decompowd  by  heat,  bofora  auf  indication  is  sluiwn  either  of  iiision  or  liqueiacliao. 
Some  of  these,  however,  become  fused  without  deoompoaition,  whcti,  together  with  a 
hs|h  tampentore,  a  n^fient  amount  of  pieuoie  is  ^plied.  Thus  limeiitons,  tamed 
bj'  oheiuits  CBibenato  of  lime,  and  consisting  of  quick  limn  lUid  CDibouic  acid,  vhea 
abased  in  a  lime-ldbi  U^  heat,  giTcs  off  carbraiio  acid  gas,  and  bectuncs  converted  into 
quiek  litae  ;  hut,  if  a  very  strong  pnasuie  be  aiqilied  at  the  same  time  with  the  hea^ 
Ihe  limestone  jinea  withoat  lodng  anj  pait  of  its  volatile  ingredient.  i&£T  the  ded>x^ 
lioa,  howercT,  of  all  1^  oases  of  this  aott,  the  numbar  of  eie^pCiiMis  oecuntiij  in  the 
list  of  compound  bodies  is  very  gceat ;  partjoulariy  when,  organic  conyiauad^  that  'Vt 

But  let  OB  eaamiue'hoir  &r  it  will  hold  us  a  lav  of  nature  that  all  simple  bodies  ai« 
Wftle  of  nri^Tng  in  the  solid,  the  li^d,  and  the  aeri^irm  states,  provided  unliujted 
means  weie  afibrded  of  incroaaing  or  diminiahiag  tampecatDce. 

Of  tke  Mz^-three  aiiaiilB  boditu,  fire  oiiiit  at  the  oitlinaiy  (etD|ienitaTe  of  the 
atmn^iere,  in  the  aoi^ona  state,  namelf ,  oi^^sii,  chloiinc,  fluorine,  uibogen,  and 
hqfdrogao;  two  ill  the  li^iuditate,  theoneaoa-metaUit,  bnKn)nf,and(he  other  melaUic 
qoMti^tv«r.    The  rcniaining  sioqie  bodiea  eiiatjutuially  aa  fdids. 

Of  the  five  gaseous  siiople  bodies,  none  have  as  yet  .h*ea  canveited  into  tbe^poliil 
slate,  and  only  cose  into  the  liquid  statA,  aamelf,  chlariBe^  and  this  ga^  mueovaivnot 
vben  dry,  b«t  viiea  cabined  -with  aaoistue,  Ibrma  txjwtala. 

ISu^tvo  natural  iiqaida,  brDtnisu  and  ^uiokailvar,  aie.^QOvn  in  the  solid  and  the 
BodionD,  ■■  well  MS  in  the  liquid  atate,  according  to  Ihe  fr'^l-^'Tftirfl  to  whloh  thej 
arseiToaed.  ' 

Of  the  nan^iaBlBUie  ample  aolid  badiM,  four  aie  hnovn  also  ia  the  liquid  ai^  oeiL- 
ftann  atstss,  namtdf,  iodine,  sulphur,  phospluiua,  a>d  Hleniun. 

The  metallic  Bid)diaaioall,£iuible,(«  at  least  all  thathavebucAGuffiiaciilljr  ciu^ned; 
the  heat  required  being  very  vadoua — from  bslav  the  hoiliog  pointy  to  tha  hifbest 
lamperatnae  which,  the  OEy-hydntgan  bloaip^  oss  pcodiuw. 

Dnis,  of  Hia  sixty-thrse  .simple  bodies  in  mod«nt  cheuistfy,  no  moro  than  thirteen 
MS  hnown  as  enatiog  under  any  <irdinary  variataHi.  of  temperatura  iu  the  tl^^ 
mechanical  etaies  of  solid,  lii^uid,  nod  acrifarm.  Of  the  remainder,  sU  but  eigh.t  are 
Imavn  in  Mn>  of  thaw  states,  asaaslj,  Qia  salid  and,  the  li^v4i  while  oii^  0°^  nanely, 
cUorine,  is  known  in  tha  Uqaid  and  in  t^  gaoeoos  atataa,  without  being  also  Iomwii  in 
Uw  aelid  stato. 

It,  than,  it  ba  aasumed  to  be  a  law  of  nature  that  all  simple  bodies  are  eapaUa  of 
Hoatine  IB  the  thiae  asffJuinioal  ttilce,  solid,  liquid,  and  aeiiform,  the  aason^tioa  lasts 
M  &e  not  i^ynhable  soppoaitiQB,.  that  the  fkiliue  Ui  aihibit  all  these  bodies  in  «ach 
ef.Aeas  three  states,  aiisas  from  the  inability  of  the  obemista  as  yet  to  p[o4uce  a  suf- 
fioaSDt  dapee  of  heat,  or  a  suffloient  degrge  of  cold  for  the  pu^oae. 

DiwlBiUUtT  of  Bbttei.— Whetiier  matter  is  or  is  aat  inflnitcly  divisible,  has 
indeed,  we  hare  wt  »f)J  evidaoca 
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far  tiMSDBi^isiDaor  tlie^tltwwiHcb  twLba  iMmtitbaaOf  oandiiiiTe  i  wdpu^tyi 
t^  subject  Du;  be  one  wbMh  iii»j  Im  erec  obuis  our  powus  of  ooalyBU.  Jbst  ipaoe 
m>f  be  infinitely  diru^e,  tpinars  to  be  (Bie  of  tba  Bzio«atic  piiunpUa  of  CeonetiT, 
and  eeeau.  Indeed,  involved  ui  our  definUiMi  of  a  geonBtrual  point,  \r)uch  we  define 
to  be  "  Thtt  B'hieli  Juu  oe  parti,  «iid  vjucb  bas  no  magaitttdo."  B«t  we  nuMt 
cnwenber  that  tliie  geemetncal  'poinl^M  w«U  ac  tbe  line,  wbkb  baa  lesgth  tritboul 
breadtb,  viiitb  we  taj  oonceiTe  to  bu  tented  by  tlie  metuni  of  tbia  p^t,  ia  ool;  a 
mcfitBl  ebafaraetidD,  and  ouabwdly  beaaidtobaTaaiAyawaleiJateikae.  Tbe  wnaUeal 
iisB  wbitii  ire  <wi  BiqipDae  te  tsiat,  caa  jiet  be  4inded  geanictrieallj  ittto  its  titour 

&>F  eta: ;  iet  ii  w«  uaoiB  Myif  hers  to  a  point  when)  our  diTiaion  eoiild  pnxwed  no 

AkiuM  vriwe  at  a  poist  irliicb  had  pari»  aod  auipiitmde. 

If  we  etnueivG.MBttei  infitiitely  diri#>le,  in  tbe  sMne  Baoae  tbat  a  gtometmtX 
aalid  is  iofinit^y  divisNe,  ve  ebould  aniro  at  a  ybjiuoal  point,  wbicb.  lUke  (be 
4K>*nataeaI  me,  inmld  be  wi&oBt  parts  or  magnitude  jfjir  if  paaaMBed«fpatta  ocBiig- 
MtadiB,  jt  cAuM  nrt  bare  been  iafiaiMlf  diridcd.  Thomi,  tberefore,  wbo  bold  t^ 
■tattaiisiaiMtiTCif  divioUe,  nwst  conaecre  all  natter  to  be  coBtgaied  of  an  infinite 
-M)miHT«tpbf»cd  paints,  and  maintwntlieEceiiuBg  pamdai  that  aciofinile  awnber 
rfjiotfcii^ MMff miJm a Mi—tbing-  llHapai«daxi(iiotooQaBsdhifbysioB,-~it Jktat 
^  'not,  af  .geoawk)')  ud  ia&cti  our  Mebest  matbamatical  analfsee,  in.  spite  of 
itl  -(be  ingoatoiw  mbfletwe  wbiok  bare  been  imanted.to  g/A  ad  oC  it.  If  th« 
b^rDtbaais  ><^  tite  iafcwta  diriaiU^'Cf  matter  be  tms,  tbe  pbysinal  .pqinla  to 
niuok  "»*lttw  «uut  be  QDnpeiTed  to  ba  nltiButelf  teduoed,  inuat  iie  wilbouf 
Toloine,  and  destitute  of  vbst  we  genersllj  suppoao  to  be  tbe  Ordinary  attributes  lOf 
tl»idl«naU#)Bl*clsB  Bf  >BBtta>~«didil?  «|id  imioietululity.  Tbey  aie,  ja&ot,  mere 
piwrtw,  wUcb  Mie  aMt^ws  of  Jbrae.  13io  uUiniats  puti<de  of  matter  wUcb  «aa  a» 
la»g»r:bed)«adBd,  wcailBd,iroatom.»terwdmwdfi;Qm,tbefaceklafigi|t8F,«igBi^ring 
that'Wbii^'aHiiot  be-cot  A«c«rdiiig4o  tbe  tlieory,  tbarej^ni,  of  the  iaHaite  dinsibjlity 
«F  jnattar,  AoiiAunate  atana  are  atoou  er  molccnlaa  «tf  fame,  liertttiito  of  ai^  acdid 
mleL-  Ikia  ia  ^  'tlwoiy  «f '£oaaaTi<di,  irbicb  baa  i^y  been  levived,  "^^  n«V 
fane  and  m/t^kptmoiitl  ntanmg,  Iff  ffmiaj,  as  Ute  anly  satis&etory  bypothetis  fo 
HwjiiiUiul'hatiiB  tj  aMer  riaged  in  telatjaw  to  the  cteotric  aod  m^DCtic  £iceea. 

That  matter  ia  not  infinitely  dirisible,  has  been  boti  by  acme  of  tbe  meat  difdin- 
g;aidud:DalsrBl^iflMDpt«tai^i'maBiwt  arawg'  vbpu  we  nuiat  place  Kewtoo-    Xbey   i 
KiauitBtA  that  Ae  uUunate  jmatii^B  af  matter  are  .bud  aod  aolid,  and  tbaiofiiro  of  a 

nmta,  hiMTOver  gamt  !(heEc.  magsilyiQe  powm,  to  subtle  ua  to  peraeiye  Aem,  even 
■BppQMDg  iraMd-  iseiAaiucal  or  otber  mean^  by  wMob  ve  oould  divide  a  body  until 
ve-aetiTed.at  its  uUimato  tfoau-  Tb«eeatoniB«r«iuit  only  indinsiUe,  but  sJao  iode' 
^netible.end  .inictpablD  of  being  worn-  Tbe  aioBoo  tbeory  of  <^eiiusti;  is  saj^oaei 
ta-£mni;t^«IiBiian  of^ln  fiuitedinajbility  of  matter.  If  ve  lake,  fivinatanoe,  acorn- 
jMBid  BifaBteiwe,  aiBib  as  vater,  wliicb  'we  have  aliendy  ciwaidered,  and  'wbicb  is 
if  JMwite  irei^itBif  ox^en  and  bydnigtai,  it  ie  aigued  tbat  tbcse  muat  be 
point IxibiFacn  a^batinetiy  ^iaiUe  pailsale  of  water,  and  its  infinite  diriaibility  as 
tatft  isf.Huttei^  at  wiid  tbe  oiygenmuet  bedatadied  from  tbe  Jiydrogon;  or  tbat 
:,  bf  «era  tcsabanieal  diviaiwi,  vould  be  reaplved  into  its  elements,  if  ve  could 
am  HmmoB^Sti  mweb-i  lat  thi«  ie  loera  •sauD^oBt  fi)r,  s««oidi«£  to  theibec^ 
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of  Bcscoricii,  if  we  consider  an  atom  of  oxf  gen  ai  hi  ktom  of  fbrce,  haring  propertica 
of  foroe  different  &om  thoae  of  the  atom  of  force  conititating;  tlie  atom  of  hydrogtOL 
wo  may  coitoeive  tlie  atom  of  hydiogen  to  combine  with,  the  atom  of  oijgen,  and  form 
a  new  atom  of  fbne — witer— whose  propertieg  of  fbrce  may  be  essentially  dirtinct  from 
those  of  oxygen  and  hydrogen.  As  the  atoms  of  oiygen  and  hydrogen  Bie  mere  phyncal 
points  of  tame,  the  atom  of  water  may  be  tlie  saine ;  and  consequently  water  itaelf  may 
be  capable  of  infinite  divisibility  quite  as  miioh  aa  either  of  ita  conatitnenta. 

In  addition  to  these  considerations,  the  atomic  theory  of  chemistry,  if  we  make  it  to 
depend  iqion  the  &ct  that  the  nttimate  atoms  of  matter  are  indiTuoble,  which  it  nMd 
not,  will  lead  na  into  no  small  difflcultlea,  aa  Dr.  Whewell  has  shown ;—"  According  to 
the  theory,"  he  says,  "  all  salts,  compounded  of  an  add  and  a  base,  are  analofoua  in 
their  atomic  constitution ;  and  the  number  of  atoms  in  one  aach  compound  being  known 

IT  assumed,  the  number  of  atom*  In  other  salts  may  be  determined.  But  when  we 
proceed  in  this  conrse  of  reasoning  to  other  bodice,  as  metali,  we  find  ourselvea  invdved 
a  difficulties.  The  protoxide  of  iron  is  a  base  whii^,  according  to  all  analogy,  mart 
xinrist  of  one  atom  of  iron,  and  one  of  oxygen ;  but  the  peroxide  of  iron  is  also  a  base, 
md  it  appears,  by  the  analyaia  of  this  substance,  that  it  must  consist  of  (uw-Mfr^  of  an 
itom  of  iron  and  one  atom  of  oxygen.  Here,  then,  onr  indiTiaible  aloms  must  be 
dinrable,  even  upon  chemicsl  grounds.  And  if  we  attempt  to  evade  this  difflcnlty  by 
making  tlie  peroxide  of  iron  constat  of  tvro  atoms  of  iron  and  three  of  oxygen,  we  have 
»  make  a  corresponding  alteration  in  the  theoretical  constitutian  of  all  bodies  analogoos 
a  the  protoxide :  and  thus  we  oyertniu  the  very  foundation  of  the  theory.  Chemical 
fiKta,  therefore,  not  only  do  not  prove  the  atomio  theory  as  a  physical  truth,  but  they 

ro  not,  according  to  sny  modification  yet  devised  of  the  theory,  reconcileable  with  it* 

We  mnat  remember  that  each  of  these  atomic  theories  are  mere  hypotheses,  whidl 
may  or  may  not  be  true.  They  may  sfibrd  us  moet  valuable  aasistance  in  grouping 
together  phyncal  fiicts  into  laws,  ami  thus  materially  extend  our  knowledge ;  hut  as  we 
have  before  said  of  force  so  we  now  say  of  matter — that  we  are  utterly  ignorant  of  ila 
essential  constitution.  We  may  still  say  with  Sir  I.  Newton,  that  "  we  do  not  know 
iriiat  the  substance  of  anything  is.  AU  Uiat  we  see  of  bodies  is  their  flgurea  and 
ciJonrs — we  hear  only  their  sounds — we  touch  only  their  outward  surfaces,— we  uneU 
(mly  thai  scents,  and  taste  only  their  savours.  We  know  not  their  inward  subitanoet 
by  any  sense  or  any  reflex  act." 

We  have  referred  to  the  infinite  divisibility  of  a  geometrical  strai^t  line,  and  it  is 
curious  subject  to  consider  how  Ear  art  is  able  to  carry  the  actoal  subdivision  of  a 
stnigbit  line.  The  divisiDn  of  a  slip  of  ivory,  an  inch  long,  into  a  hundred  equal  spaces, 
each  of  which  is  distinctly  visible,  is  a  work  of  no  great  difficulty.  With  the  fine 
point  of  a  diamond,  applied  by  means  of  a  very  delicate  screw,  five  thousand  eqni-dis- 
it  lines  can  be  traced  on  glass  within  the  space  of  a  quarter  of  an  inch,  the  e&ot  of 
the  division  on  the  glass  being  to  produoe  a  play  of  prismatic  colours.  By  similar 
means,  the  like  division  can  be  produced  an  a  piece  of  steel.  A  prize  medal  was 
awarded  by  the  jurors  of  the  Great  Exhibition  to  Mr.  Nobert,  of  Prussia,  for  tracing 
parallel  lines  on  glass,  which  were  only  the  one-forty-scyenth-thousandth  of  an  inch 
apart,  and  required  a  magnifying  power  of  two  thousand  to  distinguish  them. 

The  ductility  of  metals  exhibits  the  divisibility  of  matter  in  it<  meet  practical  hghl. 
It  is  difficult,  however,  when  such  degrees  of  extension  ore  described,  to  convey  to  the 
mind  an  adequate  ide*  of  the  actoal  tenuity  which  is  attained ;  and  •wiuai  die  intn> 
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dredth  pot  of  aa  umIi  is  «pok«ii  o^  Iha  iinftginatiaii,  tmMcuitomed  to  mch  miiuitiN 
diTifion,  fteb  totally  bowildeTed. 

Hie  folloving  extrnplca  will  >But  ni  to  finm  an  adequate  conoeptiaii  of  tb«  gTMt 
tenuity  of  which  Kmie  kinda  of  nutter  are  snaoeptible.  Hmoan  hair  Tariea  in  diameter 
from  the  tiro-hundied-and-flfljeth  to  the  aii-hnndredth  part  of  on  inch.  A  aheet 
MDUDon  viitii^  P4>eT  has  a  thickneae  of  ahout  the  fire-linndredlh  part  of  an  inch. 
poQtld  of  eott«n  oan  be  ipnn  into  a  thread  HTenty-flre  inilee  in  length,  the  diameter  of 
vhioh  i>  the  three-hnndred-and-flfUeth  part  of  an  inch.  A  pound  of  wool  can  be  apnn 
into  a  thread  ninety-five  milea  in  length,  the  diameter  of  which  ia  the  foar-hnndredtb 
part  of  an  inch.  The  fibre  of  the  coaneat  wool  ia  about  the  five-hundredth  part  of  an 
inch — that  of  the  fineat  being  about  tho  fifteen-hundredth  part  of  an  inch  in  diameter. 
Gold-beater'a  leaf,  which  ie  the  pelliote  uparatad  &om  the  onter  part  of  the  great  ID- 
teatine  of  the  oi,  baa  ■  thicknees  of  abont  the  three-thouaandth  part  of  an  inch.  The 
ailk  line,  m  apuik  by  the  wonn,  ia  aboat  the  flTO-thoiuandth  part  of  an  inch  thick.  A 
spider**  thread  ia  about  Qw  thir^'^iovauidtl]  part  of  an  inch  in  diameter,  so  t'ho-*-  a 
■cD^  poond  of  thii  fine  drawn  aubatance  would  suffice  to  encircle  the  globe.  A 
ribbon  of  gold,  nz  yarda  hmg,  and  an  inch  and  a  quarter  wide,  weighing  one-thouaand- 
•nd-flfty-aiz  grains,  ia  finally  extended,  by  hammering,  into  two  thousand  leaveg  of 
d|  inahec  aquare,  or  into  eighty  booka,  containing  eatUx  twenty-fire  leaves.  Every 
leaf  wei^lu  rather  less  than  the  half  of  a  grain,  and  its  thJThiimn  ia  the  ons-hundred- 
and-nine-thoQsandth  part  of  sn  inch.  In  the  gilding  of  buttons,  five  gnins  of  gold, 
■iqdied  aa  an  «iwigTn  with  menjory,  are  allowed  to  each  gross.  In  this  case,  the 
coating  left  must  be  one-hundred-and-ten-thoosandth  part  i^  an  inch  in  thickness. 
If  a  piece  of  ivory,  or  a  bit  of  white  satin  be  immersed  in  a  uitro-muriatio  aolntian 
of  gM,  and  be  then  plunged  into  a  jar  of  hydrogen  gas,  it  will  become  covered  with  a 
vor&oe  of  gtdd  hardly  exceeding  in  thickness  the  ten-millionth  part  of  an  inch.  The 
gHX  wire  used  in  embnridery  ia  made  by  eztenuon  over  a  sur&ce  of  silver.  A  ailver 
rod  about  two  feet  long  and  an  inch  and  a  half  in  diameter,  is  coated  with  about  eight 
hnndmd  gnins  of  puce  gold,  lUthough  aometiniee  only  one  hundred  grains  of  gold  is 
allowed  to  the  pound  of  sUver.  The  gilded  rod,  now  weighing  about  twenty  pounds, 
by  being  drawn  thnni^  a  aucceaaioB  of  smaller  and  smaller  holes,  is  at  Isat  atretched  to 
tiie  abnoat  iocredible  Iraigtb  of  two-hnndred-and-forty  miles,  the  gold  being  conse- 
quently attenuated  Ihree-hnndred  times,  so  that  each  grain  covers  a  sniftce  of  nine- 
thooaand-eiz-hundred  square  inchea.  The  wire  ia  next  flattened,  by  which  a  ftirther 
eitenmon  is  prodoced,  and  ita  thickness  rednoed  to  the  four  or  fiTe-millionth  part  of  sn 
inch.  A  wire  of  pure  gold  can  be  drawn,  the  thickness  of  which  ahsll  not  exceed  the 
Ibiir-tbouaandth  part  of  an  inch.  A  wire  of  platinum  can  be  made  of  atill  greater  flne- 
nee*.  Sr.  Vollaston  drilled  a  fine  hole  through  the  axis  of  a  cylindra'  of  silver,  about 
the  third  part  of  an  inch  in  diameter;  dmingh  this  hole  he  paaaed  a  platinum  wire, 
no  more  than  the  thousandth  part  of  an  inch  in  thickness.  The  ailver  cylinder  wa 
them  drawn  through  a  anocession  of  decreasing  holes,  till  ita  thickneas  was  reduced  b 
the  fifteen-hundredth  part  of  an  inch ;  the  platinum  wire  being  in  the  meantime  pro 
portaanally  reduced,  became  between  tho  fbnr  and  five-thousandth  part  of  an  inch  ii 
Ihiiliiiaa  By  means  of  nitric  aoid,  the  coating  of  silver  was  then  removed.  By 
eairyiiig  tho  extension  of  the  silver  mould  still  &rther,  he  obtained,  on  some  occasionB, 
jdatinnm  wirea  of  no  more  than  the  thirty-thousandth  part  of  an  inch  in  thioku^sa. 
Stiver  leaf  is  nearly  twice  as  thick  as  gold  leaf,  being  the  one-hundred-and  flfty-thoo- 
Modlfa  part  of  an  ineh  in  thji'tnusa     Copper  and  tin,  forming  Dutch  leaf|  cannot'bo 
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heet^  thimier  than  tlie  tweatf-tbauwuiilli  pert  of  an  iadi.  Amgk  piaa.  ofjUns 
vitriol,— tlie  eulphate  of  copper,— gives  a  Gne  azuie  tiitl  IoAt*  gklluwof  luteiiintloa 
caae,  the  salt  amut  be  eipaiided  at  least  ten  miUioiu  of  tioifia. 

The  subdiviuon  of  odarifurous  putiolea  eioesda  eves  titeee  nmmpbifc  A  tm^ 
graia  of  musk  has  been.loiawii  to  perfume  a  large  roam  foi  tlie  apatw  of  tm^atf  jBtti, 
Bir  Jobo  Leslie  oompules  that  the  musk,  ixi  such  a  ewe,  Jauat  luw  Lttui  auMindad 
thj;ee-hiuidred-iuid-twent7  qiudrillioas  of  partiolee,  each  of  (hsnt  ««{«Ue  if  doling 
the  olioclory  organs.  A  lump  of  assifcetidie,  exposed  to  the  air,  w»a  feiindlo  loae<aiilf 
ae  grain  in  seven  weeka. 

In  sTganio  living  nature,  the  infuaoiy  animalcules  exceed  everjiMng  iclueb  aea.  be 
conceived  of  minuteness.  The  vibrio  lotdulata  fiiaud  in  dunlt-weed,  is  csnqniled  to  fas 
tcn-thousand-miUion  of  timca  less  than,  a  hepip-eeed. 

Having  oonsiderad  the  theories  of  the  divjaibiHty  of  maMei;  into  iU  •i\l^<if  ttvr- 
tides  or  atoms,  and  how  ikr  matter  can  be  divided  bj  meelualeBl  and  i 
re  {Hoeeed  to  the  cunaidciatiaii  of  seme  Other  propn«i«s  GOmmoB  to  ai. 

OiAvitj.— TboTB  is  ono  propeity  oommon  to  all  poodaiahlo  Mtftejy^  pnfedrnot 
fmfinnil  to  OUT  Own  glcbc,  but  oos  whicli  HEtronomerB  have  InoM  tnumpbantlj^tbiim 
o  belong  to  the  matt«:  composing  all  tho  IisbtdiJ}'  bodies  t^roogbsttt  the  uaw^H. 
Ihis  property  is  pavity.  Wo  arc  indebted  to  Sir  I.  Newton.fw:  .tha  4iaoa«giy«f  Has 
of  gravitation — the  most  general,  and,  at  the  Bsme  time,  obb  ^f  tJie  i 

3  ever  revealed  to  buman  intcllcot.  It  i^  l^iat  all  tbe  ^eaveoly  bodiflB  i 
another  by  a  force  varying  directly  aa  tlidr  mass,  and  inveraeJ^  a*  Ae.equaie  uf^Aaic 
distance  from  one  aoother ;  the  maesof  abody  baing.o<»iudei«d.aal)taBu)D<)f<(ha]m- 
ticles  of  matter  constitiUing  the  body,  and  that  thi£  lav  f^pUea  alw.to  Kvei;  jiaBlialeaf 
matter  in  the  univme.  To  estimate  tliis  force  ve  must  Wvo  aoiBB.Btmswe.  SoWitJMM 
are,  as  we  have  elsewhere  observed,  two  meaiuieB  of  ftuce;  woffiay  srtiiaiiti^ibriaMuw^ 
the  earth  s  attraction  for  a  body  by  the  pceuuie  the  body  «zecta,  tllr  wcmiirr  rtfiwhif'' 
Till  be  its  weigbt,  or  by  the  velocity  wilb  irhirh  if  irill  ran"  tbrnntb  n  jirnD  n*m. 
which  -will  bo  measured  by  th«  ^ace  paaaed  jlirau^  in  «  givtstwie  ftwa.'tiw^wBi 
mencement  of  (he  motion.    The  £rst  of  these  meaaurea  ia  fo^od  to  duprmd  nn  tko  «p«m 

i.  body,  and  tjis  latter  ia  independent  of  the  DMsa,  being  .the  wsae  for  aUJttdiM, 
hoveviur  lai^  or  heavy  they  may  be,  and  is  tlwrefofe  g^a^aUf  iibi(KA  M  Ad.twat 

laure  of  force,  when  the  motion  of  bodies  ia  to  be  estimated.  Wbsn  ^eaijjlntv 
foree  varies  directly  oatbsmasa  of  tka  attisctiiigbody,  udinveiselyaartluafiMtg.Af  jd« 
distance  from  the  body  attracted,  ws  mean  that  the  force  of  attioctiou  will  be  KcasBted 
by  the  maas  divided  by  the  square  of  dm  distance-  Thue,  if.  we  BUf|>op9  c^^JiMt^t  Aj 
whose  mass  equals  one  thoueand,  or,  in  otLer  vords,  a  bo^  coBLpeeed  ^  one  fbrijaanii 
particles  of  matter,  and  B,  another  body  composed  of  ten  gravitating  partiolae,  asA  ooDr 
eire  these  bodies  placed  atadistaiLceofoiicmileapart,  wbnrn  Ijiny  nnuld  in-  infhuMinwl  hj 
lO  other  matter,  the  ibroe  of  A's  attractiau  on  2  would  ba  i^iraasiited  by  on*  tbniiiinwi, 
and  of  Bon  A  by  ten;  and  if  A,  by  its  attraction,  drew  B  through  one  thpunanil  imnhrai 
in  the  first  second  of  time  after  t^e  bodies'  aotiun  on  one  auothsi,  2  wouid.iJMHir  A 
tjiiough  tea  inches  in  the  same  time.    If  A  and  B  had  been  }  a  miile-s[««!^  A'^'Mtoac- 

1  on  B  wonid  have  been  represented  by  KtOO  4.  —  or  lOflO  -i.  \,  iriit)*  =  49DD, 
and  the  distance  through  which  A  would  have  drawn  would  be  i&OO  inclies;  B'^  attac- 
ti»n  on  A  wonld  have  been  10  -^  p-  or  10  x  4,  and  A  wofld  be  isttm  i^i\\^\  -W 
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bm.  Uibei  diManee  hed  bean  ^  of  ^  mile,  A'l  attmeticfli  tm  B  would  tuito  ^eeu 
>0  V  p  -n  i,  whicik  =  9000  ;attdBiniA,lD-^^  or  90;  iatUscaaeX  vei^ 
dmr  B  iimra^  MOR  inAes,  irUIe  B  would  draw  A  through  ~0O  mohei,  in  the  fiiM 
facond  of  time  after  ihra*  action,  oq  eadi  cither. 

It  foBoire,  &i>m  &e  law  of  gra^tation,  that  the  tnudlert  st^K  iriiioh  Oils  to  the 
[Tth  attracts  the  emllt,  juBt  at  tiuly  aa  the  eaith  attnets  tbe  atone ',  hot  (^  miaE  of 
le  earth  is  bo  great,  eamfaxei  with  the  maea  c^  &e  itoue,  tiutt  the  diitauce  thmngh 
which  tbe  earth  u  drawn  by  &e  stone  dormg  ila  dracont  is  inajfieaiafale  to  any 
known  neaBcrcraent,  howemr  bdibII.  Agun,  the  earOi  attiBiilathe  bud  aatndy  aathe 
L  attmcta  Ike  earth,  but  the  nwaa  af  ^le  ami  is  so  great,  aa  oonqiared  witii  Ae  earth, 
t  in  calctjlatioa  the  loaaa  of  the  caith  laaj  bo  nt^ected.  In  the  soIbf  ^itsm  we 
faore  ^iloneta  nitd  comets  nroIyiagTDiind  the  mm,  and  HtellitsE  rtToIving  oboat  plansta, 
eurres  which  are  rtrj  neailT  m^  as  hmj  be  abtainad  by  tbo  aeettim  of  a  cone,  and 
e  therefore  caHed  oomc  aeeti^BS.  The  leason  why  Uio  saldlltss  do  net  fall  into  iiiedr 
primaries,  and  the  planets  and  wnnels  into  Ibe  aun,  ia  beeauae  II107  have  at  some  time 
raoeh-ed  an  impulse  from  some  fraoe  other  Hum  that  of  gianlatiini,  in  a  dipnoi  liBta- 
'Sim  Hum  the  lino  joining  ttie  uUiaetinglMdioa,  at  the  initaid:  «f  its  action.  Of  the 
orif^  of  fills  force  wo  ace  ignoraat,  as  wo  are  also  of  its  nature.  All  ire  kaaw  is,  that 
this  imknotra  Sxae,  having  once  acted  and  tlten  eeaeed,  tlie  tair  of  gwritation,  and 
the  three  Isw^  otmotimi,  are  quite  soffloient  to  aooount  fort^  uo^ims  of  thehwvMdy 
Iradies  wifli  ^u  greatest  Bononc)'.  We  said  that  tiu  bodies  cf  the  aefar  system  mwsd 
nrros  whidi  were  neaily  come  sections.  Nott,  though  tbe  maas  of  aoy  .ooe  at  the 
pbUiets  mny  be  noliiiiig.  i^ten  compavsd  witli  the  aan,  Hkis  is  by  ne  mtnna  ihe  oaae 
liften  compared  wilSi  ono  -anotiier ;  and,  since  all  'die  pattida  of  imtter  in  dke  aim 
syatem  Htt»Ct  one  anoflior,  itfE^owstLstirae  planet  iiiu£t,in.KnBeiB(aeure,  infiiWDce 
the  motion  of  ani^LheT.  If  tte  ^ncta  had  m  inSuaaoB  on  eaoh  other,  th^  woaM 
desert  BeTinrat^y  conic  soctionB ',  but  their  mstnal  in&uenos  produces  a  pmtorbatdon, 
wllkSiVaveee  each  planet  ta  describe  an  inegubr  oiWt,  dlAliagslighdyfrain  tlia  T(f[ukr 
curve,  iriiieh  it  would  have  described  without  any  distuitiing  inflosnte.  The  same  a|^ke 
to  the  otWtB  of  the  mteOitee.  This  pntarbation  sffbcds  the  most  deiiMte  test  of 
tnfQi  of  the 'law  of  grsrjtatien  and  Ms  oceuraoy.  "Asidea  oftbeexbeme  smsll- 
ness  of  the  perturbations  may  be  learned  &om  the  &Gt,  t^t  if  we  1i«ae  on  a  bible  tix 
feet  in  diameter  an  aeinrato  ^pse,  to  repremit  the  oi^it  on  wUoli  tbe  eartJi  is  noving 
at  any  instant  about  tlie  sim,  and  if  we  tnoe  by  its  dde  the  path  actually  described  to 
&  single  Terolntion  immd  the  Bun,  the  differmce  between  the  oiigmal  ellipse  and  tiie 
BQrre  actoally  dewrribed  is  as  excessiTely  minute,  that  Uie  nicest  exommation  with 
loicrosoopes,  continued  along  the  outlinea  of  the  two  curves,  wmfld  hardly  Jsleot  any 
perccjrtable  interval  between  tiiem."— ^HEEacHBT.*a  Asirotamtf.  Tet  it  was  by  the 
fflintination  of  the  perturbstionB  pnduoed  on  Uranm  by  the  known  planets,  and  finding 
a  pertm^tion  sffll  intBcciranted  fiir,  which  led'two  estienomere,  wl Aout  eommuDJcatisn 
>rWt  eath  other,  to  caleolate  the  mass  aad  position  of  an  Mll>ei<o  nnkaown  planet,  aad 
a  teQ  1}ic  praeticBl  astmaomer  to  what  point  tn  the  heavens  to  direct  bis  telescc'pe'fbr 
Ibe  -discarery  <X  Hie  stranger.  By  the  motion  of  many  of  tiio  doable  stan  ab^  one 
another,  and  their  ortnts  'haviaig;  been  shown  to  agree  with  tiie  ourves  they  would 
describe,  if  they  attractedoneanother,  by  the  law  of  gravitation;  fiiiawoiderfulIawbM 
%em«xteBded  from  the  solar  system  to  the  nmotest  parts  of  tbn  unirot,  e. 

iU  «Te*y  partifile  «(  m^ter  atboets  every  a&o!,  it  fcJlows  that  all  masses  on  the 
earth's  aor&co  must  attract  one  another;  but  the  earth's  attraetkm  ia  ho  gisat,  •■ 
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Mcmmt  of  its  larger  oonqitumtiTB  man,  that  tiiin  stbaction  ii  not  tsdinsrily  peioeptiUi^ 
It  tuu  be<gt  shown  to  ezut,  hQwerer,  by  the  eipeiiment  of  Hr.  Gsrenduh.  SnuU 
lekdan  baUi  nere  inpported  on  tlie  end<  of  >  rod,  vliicli  ww  nupended  at  the  Dilddle  by 
a  ilender  wire,  and  when  large  leaden  bsUe  were  bronglit  near  to  tliQin,  it  iraa  foimd 
that  the  wire -wu  immediately  twilled  by  (he  motion  of  the  balb.  By  obserrfttdona  on 
Stan,  bom  atationB  near  the  mountain  Schahallien,  in  Scotland,  it  was  proved  that  the 
numntain  produced  a  aenaible  effect  in  dmving  the  plumb-line  out  of  the  votieaL 

Welclit — I*  the  effect  which  the  earth's  attraction  prodaoca  on  tiodiea ;  aad  it : 
curious  bet  that,  on  account  of  the  earth's  form  not  being  perftetly  qdierical,  the 
weight  of  a  body  is  not  the  same  at  the  equator  and  the  p<de.  Thua,  a  body  weighing 
194  pounds  at  the  equator,  will  wei^  165  at  the  p<^  the  rate  of  increase  from  dw 
equator  to  the  pole  taMng  place  according  la  a  geometrical  taw,  depending  on  the 
latitude.  This  incieaae  of  weight  cannot  be  driermined  either  by  a  balance  or  steelyard, 
atrthe  mif^t  whioh  it  oselfar  ameaaoie  is  affected  propoitionally  with  the  body  to  be 
weijjked.  It  may  be  determined  by  obaerring  the  length  to  which  a  body  may  stretch  a 
spiral  spring  at  the  equator,  and  the  lengtlt  to  vtucb  the  same  body  will  stretch  the 
same  spring  in  anotJieT  latitude.  Practically,  bowerec,  the  difference  ii  ~  ~ 
grnitatiait  is  obserred  by  means  of  pendulums ;  the  length  of  a  pendulom  Titrating 
SHptmda  ii  greater  in  a  hi^  latitude  than  in  a  lower  one ;  and  as  the  application  of  the 
pendnlom  to  a  dock  affilrds  us  a  ready  means  of  multiplying  it 
enabled  to  ili«tiTigiil«Ti  by  this  means  a  variation  in  length,  which  otherwise  would  be 
inap[H«Giable.  From  ezpcrimenta  made  by  Newton  with  hcdlov  peodulmna,  filled 
with  different  kinds  of  subatancea,  auch  as  gold,  uItst,  lead,  glass,  aand,  ct 
and  wood,  he  fonnd  tliat  the  attnictiaa  of  the  earth  is  the  same  Ibi  all  subetaiiccA. 

■ame  instant  from  the  top  to  the  bottom— and  that  ctmsequently  a  cubic  inch  of  inm 
weighs  more  than  a  cubic  inch  of  wood ;  not  because  the  earth's 
for  iron  than  Vood,  but  because  the  cubic  inch  of  iron  contains  m 
tides  than  the  cubic  inch  of  wood. 

MaM,— The  mass  of  a  body  is  the  quantity  of  matter  which  it  i 

Danaltr- — The  term  denaily  it  used  to  indicate  the  quanti^  of  matter  contained  in 
a  giTen  volome  of  a  mass. 

Two  bodies  are  equal  in  mass  if  they  aro  of  the  same  weight,  however  di&rent  may 
be  theit  volumes ;  but  they  aro  equal  in  density  only  if  the  equal  Tolumea  of  the  two 
bodies  hare  the  same  weight  A  cubic  inch  of  one  substance  ia  aaid  to  be  of  twico  the 
density  of  another,  if  the  cubio  inch  of  the  denser  body  weigh  twice  as  much  as  the 
Cuino  inch  of  the  other, 

Speol£e  Omltjr. — The  weight  of  a  given  volume  of  different  subetonoee,  com- 
pared with  the  same  volume  of  some  atandard  substance,  ia  called  the  specific  gravi^  of 
theae  substances ;  the  general  standard  is  distilled  water,  at  the  ordinary  tempeiatnte  of 
the  air.  This  ia  chosan  (or  convenience,  as  the  eaaiect  material  which  can  be  readily 
proonred  in  a  state  of  parity.  Beckoning  the  specific  gravity  of  distilled  water  aa  1  '000, 
the  specific  gntvity  of  platina  is  21170;  gold,  19'260;  copper,  8'90D;  lead,  11-35; 
CM(-iron,T'21S;  marble,  2-716;  Portland  atone,  2'49S;  beechwood,  '8fi2 ;  cork,  -2f0; 
mahogany,  1-063;  oak,  I'170. 

Since  a  cubio  foot  of  water  we^hs  nearly  1000  ouneea  avoirdapois,  a  cubic  foot  of 
platina  will  weigh  about  21170;  gold,  19250;  iron,  7348;  marble,  2710;  cork,  240; 
and  oak,  1170  ounce*. 
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Hero  are  vorioiu  metliDdfl  of  finding  the  specific  gnrity  of  bodiee,  aocotding  a 
Bisy  are  solid  or  fluid,  ot  soluble  or  insoluble,  in  water.  If  ve  could  ibape  a  solid 
body  accurately  into  a  cubic  inch,  we  should  have  no  difflcultj  in  finding  its  specifio 
gnaity,  hj  comparing  its  weight  witli  a  cubic  inch  of  water.  This  is  not  at  all  di 
conTenient;  we  maj  therefbre  adopt  any  of  the  following  methods,  as  it  u 
Imows  fact  in  hydrostatics  that  any  body  which  sinks  in  a  fluid  will  juat  displace 
a  vtJuma  of  water  equal  to  its  bulk.  If  we  weigh  the  body  first  in  air,  and  then 
water,  the  difference  of  ita  weight  in  air  and  its  weight  in  water  will  be  the  weight  of 
a  Tolume  of  water  equal  in  bulk  to  the  body  weighed.  Considering  die  specific  gravity 
of  water  as  an  unit,  the  specific  gravity  of  another  substance  will  be  its  weight,  divided 
by  the  weight  of  an  equal  volume  of  water.  The  specific  gravity  of  a  substance, 
therefore,  will  be  its  w«ght  in  air,  divided  by  the  diffbrenxie  of  its  weight  in  air  and 
watar.  When  the  substance  whose  specific  gravity  is  to  be  determined  is  in  small 
fiagmenta,  it  may  firet  bo  weighed  in  sir,  and  the  weight  of  the  mass  of  water  i 
displace*  may  be  detennined  by  observing  the  weight  of  water  the  ^agments  diaplsci 
when,  they  sre  placed  in  a  cup  of  water,  previouHly  filled  carefully  to  the  brim.  There 
are  TSrioua  other  metiioda  of  fiTiHing  specific  gravity,  and  alao  for  ensuring  sccuittOy ; 
but  these  must  be  left  to  be  described  in  their  proper  place  as  a  branch  of  hydrostatioe. 
Cana*  of  ChkwltT.— Gravesande,  in  his  introduction  to  "  Newton's  Philosophy," 
contends  (hat  the  canae  of  gravity  is  utterly  unknown  ;  and  that  we  are  to  consida 
in  no  other  way  than  as  a  law  of  nature,  originally  and  immediately  impressed  by  the 
Creator,  without  any  dependence  on  any  second  law  or  cause  at  all.  Newton  did  not 
pmtea  to  give  any  poaitiye  eiplanation  of  the  force  of  gravity ;  but  in  hia  Optics  ' 
throiVH  out  die  following  query,  as  he  was  not  sufficiently  satined  with  his  ezperimentb 
to  hazard  anything  positive  on  the  subject.      Ho  BSys: — 

"  Is  not  this  medium  (ether)  much  rarer  within  the  dense  bodies  of  the  sun,  stars, 
litnnets,  and  comets,  than  in  the  empty  celestial  spaces  between  (hem  ?  And  in  pass 
from  them  to  greater  distances,  doth  it  not  grow  denser  and  denaer  perpetually,  and 
thereby  cause  the  gravity  of  those  great  bodies  towards  one  another,  and  of  their 
parts  towards  the  bodies ;  every  body  endeavouring  to  recede  from  Hie  denser  parte 
of  the  medium  towards  the  rarer  ? 

"  For  if  this  medium  be  supposed  rarer  within  the  son's  body  thou  at  its  snr&os, 
and  rarer  there  than  at  the  hundredth  part  of  an  inch  from  his  body,  and  rarer  there 
(hut  at  the  fiftieth  part  of  an  inch  from  his  body,  and  rsrer  there  than  at  the  orb  of 
Saturn  ;  I  see  no  reason  why  the  increase  of  density  should  stop  atiywhra«,  and  not 
rather  be  cnitjnued  through  all  distances,  from  the  sun  to  Saturn,  and  beyond.  .And 
though  this  increase  of  density  may,  at  gmat  distances,  be  exceeding  slow,  yet,  if  the 
^asiaa  force  of  this  medinnt  be  exceeding  great,  it  may  suffice  to  impel  bodies  fimn  tJ 
denser  parts  of  the  me^om  towards  the  rarer  with  all  that  power  which  we  « 
grsTity-  And  that  the  elastic  force  of  this  medium  ia  exceeding  great,  may  be  goQiered 
from  the  swiftness  of  its  vibrations.  Sounds  move  about  1140  English  feet  in  a  seoi 
of  time,  and  in  seven  or  eight  minutes  of  time  they  move  sbont  100  English  mi 
Idght  moves  from  the  son  to  us  in  abont  seven  or  eight  minntes  of  time,  which  distance 
ia  alioat  70,000,000  Rnglish  miles,  supposing  the  horizontal  parallax  of  the  sun  to  be 
about  twdve  seconds,  and  the  vibrations,  or  pulsee  of  this  medium,  IliBt  they  may  cause 
the  alternate  fits  of  easy  transmission  and  easy  reflexion,  must  he  swifter  than  li^t, 
and,  by  conseqaence,  above  700,000  times  swifter  than  sounds ;  and  therefbre  th« 
^Mtic  fbrce  of  this  medium,  in  proportion  to  its  density,  mnst  be  above  700,000  mu''' 
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pfied  by  TOe,««<0   (tiiot  u,  aboTe  4SO,0eo,00O,00O)  tiloM  grester  than  the  Om 
tone  otOa  sir  is  inprapottion  to  its  density;  for  Ae  i«k>citiea  of  the  pulaea  of  eloitia 

linsu  arc  in  a  subdupHoate  ratio  of  the  elasticitica'  and  Ule  laiitira  of  the  mediaml 
taken  tegetlier. 

"  Ab  magnetism  is  stranfer  in  small  loadstones  than  in  great  oiu*,  in  propoitieii  to 
tbeir  hoik,  and  gmvitj  ie  strrmger  on  tlio  siufiwe  of  Bmall  planets  than  &ot»  of  gi 
ones,  in  pTnpoHion.  to  tlheir  bulk,  and  sm^  bodies  aro  agitata  Dmeh  more  by  dectrio 
attraction  than  great  ones  ;  bo  tho  siDBlIneEa  of  the  rHje  of  light  may  contribotc  Tny 
rnneh.  to  the  power  of  tie  agent  by  which  they  are  rolraeted;  and  if  any  one  dwnld 
euppoee  that  elicr  (like  our  air)  may  contain  porticlea  which  endearaoT  to  recede  fiom 
one  another  (fur  I  do  not  know  what  that  ether  is),  and  that  its  paiticlee  are  exceed- 
ingly emallcr  than  those  of  air,  or  ercn  than  those  of  light,  the  exceeding  smaltness  of 
aueh  particlea  may  contribute  to  the  greatness  of  tho  force  by  idiioh  they  recede  from 
one  anothiT,  and  theri>by  mako  that  medium  cxceedin|jy  more  rare  and  elastic  tl 
lir,  and,  of  consoqucncc,  ciccedingly  Ipsa  able  to  resist  tho  motionB  of  projectiles,  and 
Eicfedingly  more  able  to  prosa  upon  groee  bodfea,  by  endeSTOnriBg  to  eipand  itself." — 
Newtdh"!  Optio. 

iBMlClft, — Having  spoken  of  a  property  or  law  common  to  oU  mutter— groTity — by 
which  every  particle  of  matter  attracts  every  other  particle,  aceording  to  a  certain 
mathematical  law,  we  come  now  to  another  property  of  nuttter  to  which  the  name  of 
Inertia  in  given.    Tho  law  of  inertia  is  this — that  a  particle  of  matter,  if  it  be  at  rest, 

lesses  no  power  within  itself  by  which  it  can  put  itself  in  motion,  and  can  only  be 
made  to  move  by  some  power  eictcmal  to  itself ;  as,  for  instance,  the  action  of  affirther 
.  particle  of  matter  upon  it ;  or,  if  it  be  in  motion,  the  particle  posaesses  no  property  by 
wliich  it  can  alter  its  mution,  either  in  direction  or  magnitude.  "What  has  been  said  of 
I  particle  is  also  true  of  a  body  composed  of  any  number  of  particles  ;  if  the  mutual 
attractions  and  forcca  which  these  particles  escrt  on  each  otier  be  such  that  the  body  is 
reduced  to  a  state  of  rest  or  cquilibrnim,  it  camiot  put  ittelf  in  motion,  or  change  its 
motion  if  moved.  The  inertia  of  a  body  is  its  inability  to  produce  any  action  on  itacff, 
so  as  either  to  cause  ita  motion,  if  at  rest,  or  to  alter  it,  if  in  motion. 

Via  Incitia,— Whether  inertia  ia  to  be  regarded  as  an  actiye  forec  in  matter  by 
which  it  resists  motion,  or  only  as  wo  havo  just  described  it,  the  absence  of  any  power 
in.  -A  particle  of  matter  to  act  upon  itself  is  a  matter  of  dispute  among  phyeieal  philoso- 

ra ;  some  coutrading  warmly  that  it  is  not  a  force,  and  that  the  term  force  e^Iied 

t  can  only  mislead,  while  others  maintain  that  it  ia  a  ftrce  or  property  of  mattor 
quite  as  tndy  as  gravitation.  According  to  the  latter  view,  we  may  define  the  vi 
inertia,  or  force  of  inertia,  to  be  a  force  or  property  of  matter  by  wMch  it  resists  the 
application  of  a  force, — not  by  refusing  fo  move,  bnt  requiring  a  greater  force  to  produce 

t  a  given  degree  of  motion  in  proportion  to  the  mass  of  the  body  moved.     It  is  trae 

'.  we  experience  an  eftbrt  in  moving  any  mass — some  masses  lesiat  our  attempts  t« 

re  them  altogether,  but  &en  we  can  trace  a  great  part  of  this  nsistance  to  the  actioi 
ot  fiiotion,  or  some  other  cause  external  to  the  mass  we  attempt  to  move ;  and,  by 
removing  these  causes,  we  can  move  with  ease  hnge  masses  whieh  would  othenrise 
resist  the  greatest  force  we  could  exert.  Thus  the  dightest  eSbrt  may  cause  tt 
la^  Tocks,  which  ore  cucioudy  poised,  either  nattmlly  or  artifioially,  known  by  the' 
name  of  rockii^-stonea,  to  vibiMe  backwards  and  fui'WU'ds ;  and  we  may  suppose  that 
Vf  rediovitig  all  canses  of  nsistance,  the  body  itself  would  oi^«9e  -no  fbrae  of  inartia  to 

■  motion  we  could  impren  on  it ;  yet,  if  we  measure  (he  motiMi  in  the  body  by  fte 
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u  of  the 


Tclodty  prodnced  by  «  giMa  fane,  iA  Bhoald  flod  it  to  iepi 

body,  and  th«t  there  is,  m  Di.  Whinrell  siys,  "  in  srery  case 

which  shown  ilatif,  not  in  pi«vcntiag  tha  motion,  but  in  &  reciprocal  force,  exerted 

bac^wttrdi  upon  the  ageot  if  irfaieh  the  motioii  is  produced.     And  this  resistance 

resides  in  eBCh  portion  of  matter,  for  it  is  incruaacd  ua  we  add  one  portion  of  matter  to 

another." 

The  tinjjiaty  of  matter,  wiich  wb  ha™  deacribed  by  tie  term  inertia,  is  the  cause  of 

the  first  la-w-  of  motion,  -whil*  thn  via  inertia  ia  the  emiaa  of  tho  thiid.  law  of  motion.— 
See  PrtUmiaarg  TrMtUi. 

VoRmMt.— If  a  bady  bo  not  porfeetly  solid— that  is,  if  the  particles  composing  it 
be  sonmtedti^etbaraitDUCTVSpaoobetireGn  them  not  filled  with  Qiatter— the  body  is 
said  to  be  porons.  TiWB,  If  wo  snppoae  a  body  to  be  built  up  of  rectangular  solid 
bricka,  perfeofly  ghied  togedwr,  so  sa  to  leave  no  TaouitieB,  we  should  soy  it  was  not 
porous  -i  wMle  a  body  con^osed  of  a  number  of  spherical  balls,  iastened  together  only  at 
their  points  of  contact  with  mch  other,  would  be  porous ;  sponge,  charcoal,  or  Ioaf> 
sugar  afford  good  examples  of  this  property.  We  say,  in  general,  that  a  stone  is 
porous,  and  not  oiunpaat,  when  it  readily  abaoiba  water,  or  would  allow  wat^r  to  pass 
through  it,  3M  in  thir  nnsa  we  sbonld  say  that  a  glass  vessel  is  not  porous.  It  is 
reasoned,  however,  insia  mrtain  facts,  Uiat  all  bodies  are  more  or  leas  porous ;  the 
deiiaeet  and  most  compast  bodies,  nidt  as  gold  and  platina,  b^g  laally  porous,  though 
tbcir  pores  may  be  so  Bsaule,  or  the  fixcca  of  lepulsion  which  their  particles  exorcise 
may  be  so  great,  aa  to  pnvant  any  known  poudenblc  matter  from  filling  the  vacuities 
in  the  mbstsoee.  'With.  legaid  to  bodies  which  are  to  a  certain  extent  porous,  ve  find 
they  will  some&aei  suffer  one  Suid  to  pass  through  their  pores,  while  they  nill  retiUD 
anther  -,  thus  a  cask  which  will  hold  water  may  sufTer  oil  to  ooze  out. 

The  tares  of  gravity  acta  through  the  denseat  ^bstances,  of  the  greatest  thickness, 
without  any  perceptible  diminution  of  its  power,  and  banco  we  conclude  that  it  can 
permeate  every  substMico,  without  meeting  with  any  reaialaace.  Light  passes  through 
many  substances  of  considorablo  density.  Heat  and  electricity  do  lie  same,  but  thoy  do 
not  travel  threugh  all  known  aabetancca,  as  the  force  of  gravity  does ;  nor  do  the 
aamc  bodies,  which  may  cffladnct  heat  or  elootricity,  suflor  liglit  to  peoetrato  their  sub- 
stance wiib  the  same  ease. 

From  the  fact  that  the  dcmest  of  bodiee,  such  as  gold  or  piatino,  and  all  othor 
metals,  expand  when  beatad  and  contract  when  cooled,  and  that  this  contracfcm  seema 
to  be  in  pToportioo  to  the  intaoaity  of  the  cold  produced,  we  might  infer  thatif  wo 
had  an  unlimited  power  of  '""■^"""g  lite  intensity  of  cold,  we  might  contract  any  of 
these  metala  into  a  propiMtionaUy  omall  ^laee.  By  hammering  or  pressure,  metals  may 
also,  to  a  certam  degree,  be  oompretaed  in  bulk.  Now,  thia  contraction  or  compression 
could  not  take  place  if  bodied  be  compoaed  of  hard,  unalteraUc,  and  incompreaaiblo 
atoms,  as  Newton  supposes  them  to  be,  unless  we  suppose  these  atoms  merely  to  touch 
oSe  BnellnT  at  eome  few  points,  Iraving  spaces  between  thorn  unoccupied  with  matter. 
Ttas  porotrity  of  mattef  is  not  like  the  poronaiesB  of  chanioal  and  stcoie,  which  we  hare 
abea^  constdered— •  }noperty  which  has  been  prored  experimentally,  and  of  which  wo 
can  obtain  a  senaibte  demonatntion, — but  is  a  hypothetical  property  depending  upon 
oat  bypotheds  of  the  eocititatioa  of  matter  by  the  unioK  of  haid  and  indestructible 
■toma.  It  may  be  said,  however,  that  the  celebrated  expcrimmt  of  the  Florentine 
aadanieianB,  who  BQed  a  hollow  sphere  of  gold  with  water,  and  then  foreibly  pn^ssed 
Ag  ^Mre  into  aBoUtis   shape,  when  the  water  ooied  throogh  tha  ^here,  demon-    . 
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(tmted  tlut  gold  nally  wu  poroiu,  and  that  ib  pares  vere  laigei  thm  the  paitidea  of 
water.  Yet  periu^  this  experiment  admits  of  another  explanatJDD.  According  to  the 
theory  of  Boscorich,  irhich  we  hsTe  previouslj  ex^ained,  gold  and  tie  other 
metob,  as  well  even  as  wstec  and  many  otiier  lubstancGS,  maj  be  reguded  as  deatitute 
of  porosit)-. 

Some  curious  spcculatioiis  have  been  entered  into,  with  regard  to  the  h;pothetJcal 
poKwity  of  bodies,  which  we  have  been  considering.  New  'jjn'a  riews  on  this  subject 
have  been  well  populaiised  by  his  friend  Pembatton,  in  his  ■'  View  of  Sir  I.  Newton's 
FhiloBophy."  Speaking  of  the  great  porosity  of  bodies  neeeasahly  requii«d,  on  the 
supposition  that  light  coosiBtB  of  material  particles,  he  says  that  Newton  has  demon- 
strsled,  "  how  any  tbo  least  portion  of  matter  may  be  Wronght  into  a  body  of  any 
]iSBigned  dimcnsiona,  how  great  soeTer,  and  yet  the  pores  of  Out  body,  none  of  them 
greater  than  any  the  smallest  magnitude  proposed  at  pleamrc ;  notwithstsndiog  which, 
the  parts  of  the  body  shall  so  touch,  that  the  body  itedf  shail  be  hard  and  solid.  The 
manner  is  this  ; — Suppose  the  body  to  be  compounded  of  particles  of  such  figures  that 
when  laid  together,  the  pores  foond  between  them  may  be  equal  in  bigness  to  the  par- 
ticles. How  diis  may  be  effected,  and  yet  the  body  be  hard  and  solid,  is  not  difficult  to 
understand ;  and  the  porea  of  auch  a  body  may  be  made  of  any  proposed  degree  of 
amallneaa.  But  the  solid  matter  of  a  body  so  fiamed  will  take  up  only  lii»lf  the  space, 
occupied  by  the  body ;  and  if  each  cfmslituent  particle  be  composed  of  other  less  par- 
ticles, according  to  the  same  rule,  the  solid  parts  of  such  ■  body  will  be  bat  a  fourth 
part  of  its  bnllc.  If  erery  one  of  these  lesser  particlea  again  be  compounded  in  the 
I  maimer,  the  solid  parts  of  Hhs  whole  body  shall  be  but  one-eighth  of  its  bulk ;  and 
thus,  by  conttnoing  the  compositioii,  the  solid  parts  of  the  body  may  be  made  to  bear 
as  small  a  proportion  to  the  whole  magnitude  of  the  body  as  shall  be  dceiied,  notwith- 
standing the  body  will  be,  by  the  contiguity  of  its  porta,  capable  of  being  in  any  degree 
hard ;  which  shows  that  this  whole  globe  of  earth,  nay,  all  the  known  bodies  in  the 
erse  together,  as  far  as  we  know,  may  be  compounded  of  no  greater  a  portion  ol 
solid  matto-  than  might  be  reduced  into  a  globe  of  one  inch  only  in  diameter,  or  even 
less.  We  see  Oierefbre  how  by  this  means  bodies  may  easily  be  made  rare  enough  to 
transmit  light  with  all  that  freedom  pdlucid  bodies  are  found  to  do,  though  what  is  the 
real  structure  of  bodica  we  yetknow  not." 

laq^UiettftltllltT. — Impenetrability  is  that  prc^ierty  of  matter  which  prerents 
two  bodies  from  occupying  the  same  space  at  the  same  time.  This  is  generally  said  to 
a  property  common  to  all  matte; ;  but  it  is  clear,  from  what  we  have  asid  on  porosity, 
that  this  property  can  only  apply,  in  this  sense,  to  the  oltimate  particles,  or  indivisible 
I  of  matter;  for  oleariy  a  moss  of  gold  is  penetrable  on  the  atomic  hypothesis  by 
X  whose  atimis  are  sinall  enough  to  enter  its  pores,  though  the  atom  of  the  gold 
itself  may  be  impenetrable.  This  impenetrability,  therefore,  of  matter  like  the  porosity, 
considered  as  a  general  property,  milst  be  hypolheticBL  There  ore  instances,  however, 
of  what  is  called  the  impenetrability  of  matter,  which  are  worthy  of  carefdl  oonsidera- 
as  Tinting  US  acquainted  with  other  properties  of  matter ;  snoh  eipedments  as 
are  generally  adduced  as  proving  the  impenetrability  of  matter.  If  a  tumbler  be 
placed  with  its  month  downwards,  and  plnnged  into  water  or  mervniy,  neither  the  water 
'le  mercury  can  rise  within  the  tumbler,  being  prevented  by  what  is  called  the 
impenetntbility  of  the  air.  The  same  thing  would  occur  if  our  tombler  were  filled  with 
m ;  but,  if  the  steam  were  condensed  into  water,  or  the  air  in  the  tumbler  wilhdiawn, 
the  water  or  mocut;  would  rush  in,  and  occupy  the  space  contained  within  the  tumhler. 
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If  ft  nuui  of  gold  or  pUtina  bo  immened  in  a  fioid,  tiie  flnid  Till  occupy  im>  part  of  the 
gold  orplatiiu;  bntsTohime  of  Quid,  equal  in  Tolume  to  the  goldot  i^lbM,  will 

j     bo  di«pUc«d  by  then.,  ami  this  is  taken  as  a  proof  of  the  impenetrability  of  tbe  grSA  or 

1    jdatina.    On.  the  Newtonian  hypothcsia  of  the  dcniity  of  a  body  being  {ffopi^oDal  to 

its  mass,  and  depending  (HI  the  nmnber  of  gntritating  atoms  in  a  given  volume,  "platina 

cttfitains,"   says  Dr.  Yoong,  *'  in  a  cubic  inch,  above  twc-hnndred-tliaiutiiid  times  ta 

I  many  gtsvitaldng  atoms  as  pure  hydii^en  gas,  yet  both,  of  these  mediums  are  &ee  trom 
;  sensiUe  interstioos,  and  appear  to  bo  equ^y  omtiiiuans ;  and  there  may  possibly  bo 
,  other  aabstances  in  natnro  that  contain,  in  a  given  space,  two-hundi«d-QiouBand  times 
.  ta  many  stome  as  platina,  although  this  soppoeition  is  not  positively  probable  in  all  its 
]  extent ;  for  the  earth  is  the  densest  of  any  of  the  celestial  bodies  with  which  ve  'are 
'.  folly  acquainted,  and  tlic  earth  is  only  onC'tbiuih  as  dense  as  if  it  were  eompoeed 
,  entirety  of  platina ;  so  that  we  have  no  reason  to  believe  that  there  exists  in  the  wlai 
j  system  any  eoiuideraUo  quantity  of  a  sabstancc  even  so  dense  as  platina,"  The  masses 
i^  both  Uie  platina  and  hydrogen  are  poroos ;  bat  the  porticfaw  m*  atoms  of  the  hydrogen 
■  must  be  at  a  much  greater  distance  apart  from  one  another.  The  impenetrability  of 
j  their  masses  must  clearly  then  bo  due  to  some  rcpulaivo  focco  exorcised  in  the  vacant 
space  between  one  atom  of  matter  and  another,  which  prevents  any  other  atom  of  matter 
i  Irom  occupying  that  space,  and  hence  wc  may  have  an  imponetralrility  eiisting  even 
I  where  do  matter  occupies  the  impenetrable  space.  Sut  all  this,  excepting  the  fact  that 
I  one  body,  whether  porous  or  not,  may  prevent  another  fiom  oocupjing  the  some  space 
I   which  it  docs  itself,  is  hypothetical. 

I  When  qiirits  of  wine  is  mixed  with  water  a  contraction  in  bulk  takes  place.  Thus, 
I  if  a  glass  tube,  closed  at  ona  end,  ho  divided  into  a  hundred  parta,  and  half  flUed  with 
water,  and  the  upper  half  then  filled  with  coloured  spirit,  the  spirit  will  float  on  the 
I  water  without  mixing ;  if  a  cork  be  then  placed  in  the  open  end  of  the  tube,  and  tlic 
I  tube  be  shaken  so  ns  to  insure  the  mixture  of  the  liquids,  they  will  contract,  and  leave 
I  about  {bur  of  the  hundreth  parts  of  the  tube  empty.  In  this  case,  the  result  of  tha 
I  mixture  alters  the  repulsive  force  of  the  fiuids  in  sueh  a  manner  that,  though  each 
]  of  the  fluids  separately  could  have  been  compressed  so  as  to  lose  the  hundredth 
:  of  its  bulk  only  with  groat  difficulty,  and  by  the  exercise  of  a  great  pressure,  yet 
the  repulsive  force,  hy  which  the  atoms  resist  this  preesure,  is  so  diminishfid  in  the  mix- 
:    ture,  that  its  bulk  is  contracted  into  a  amaJlcr  space  than  it  occupied  before  the  union  of 

the  fluids. 

I         lodeatznotlbillty. — We  can  alter  tho  combinations  and  fuim  of  matter,  but  we 

can  in  no  way  destroy  it ;  and  though  wo  may  avail  ourselves  of  its  propi^rties,  in  order 

!    to  obtain  an  enormous  force  to  do  %ur  bidding,  and  so  moke  outbcItcb  independent  of 

j    wind  and  tide,  and  even  anticipato  tho  flight  of  time,  we  eon  create  no  now  property. 

■'  One  of  tho  most  obvious  cases,"  lays  Sir  J,  Hereehell,  "  of  apparent  destruction  is, 

I    wh?ii  anything  is  ground  to  duat  and  scattered  to  the  winds.    But  It  is  one  thing  to 

I    RTind  a  bbric  to  powder,  and  another  to  annihilate  its  materials :  scattered  as  they  may 

he,  they  must  fall  somewhere,  and  continue,  if  only  as  ingredients  of  the  soil,  to  perform 

their  humble  but  useful  part  in  tho  economy  of  nature.    The  destruction  produced  by 

fire  is  more  sinking.   In  many  casea,  aa  in  tho  burning  of  a  piece  of  charcoal  or  a  taper, 

there  !s  no  smoke — nothing  visibly  dissipated  and  carried  away ;   the  burning  body 

wastes  and  disappears,  while  nothing  seems  to  be  produced  but  warmth  and  light,  which 

we  am  not  in  the  habit  of  considering  aa  substances ;  and  when  all  has  disappeared, 

except  perhaps  some  trifling  ashes,  we  naturally  enough  snppoec  it  is  gone  lost, 
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destm]^   Bntirtuu  the  quiation  it  eumiiiadiDm««iu:ti;,  iro  detect,  in  lltBioTMible. 

stnsm  of  heated  air  wMch  luoendi  imm  iha  glowing  eoal  or  ^miiig  ikbz,  tbe  whide 
pondOTable  nutter,  only  nnited  in  a  new  oombiuadon  witll  tlie  air,  and  dilaolTcd  ia  it- 
Yet,  BO  far  &«in  being  thereby  deateoyed,  it  is  only  become  sgnn  whit  it.  was  before 
it  exiated  io  tiie  form  of  charcoal  or  wax, — an  actave  agent  in  the  bnaneaa  of  the  world, 
oDii  a  ninin  Boi^ort  of  Tcgetable  and  anvm^  lifo,  and  is  elill  eiiaceplible  of  ronning 
Bigain  and  again  ttie  anne  round,  aa  cirenmitaaoee  may  detennina ;  eo  Ab^  for  suglit 
we  cm  Bee  to  the  contrary,  tiie  etae  identical  atom  may  lie  coooealed  for  thomnnds  of 
rentoriee  in  a  Umditane  rock ;  may  at  length  be  qnanisd,  aet  free'  in  tho  Irmi-Hhy,  mix 
widi  the  air,  he  alKKirbed  irun  it  by  plants,  and  in  auecBseiaa  beconie  a  port  of  the 
frnmet  of  myiieda  of  Mring  being^tiUBomecoacuiTenceof  crentgcanaigDitoimemanito 
a  long  repose,  whioh  howerac  no  way  unfits  it  &om  again  resumu^ilBfonneracfiTitj." 

M^aonla'  Fttmas, — Beeida  the  fonw  of  graTitation,  whicii  acte  at  encrataiu 
i]i9taneeB  from  the  putiole  of  maMflr  which  seems  to  ezcit  die  foree  of  attzactioB,  tJliire 
are  many  odier  forces,  both  attnctiTe  and  M^mbire,  which  eecma  <aily  to  ciniie  inlo 
opcralion  when  psrCicUs  of  matter  aie  biou^  into  dcse  ajqnnaiinatioti  wilji  one 
anatber.  These  foreea  aic  said  to  atit  at  insansUttedistsooaB,  while  gravity  acts  at  Bcns£blG 
distancea,  a  phriiHe  vhiek  only  means  that  diese  nnknown  forces  not  at  diitaneea  to  small 
from  the  puliclcs  whioh  prodnix  them,  that  in  general  wo  hare  no  means  of  lociaauriag 
the  distancce.  To  time  the  name  of  moleGnlar  farcet  has  been  applied.  Tho  attraction 
and  repulsion  tliat  aimih'  or  diflbrent  molecules  or  particles  of  matter  exercise  on  one 
another,  which  give  rise  to  tbe  solid  and  fluid  states  of  bodies,  determine  th^  haidnees 
ar  BoftneBS,  ron^mess  oc  brittleness,  malleability,  tenacity,  eipasBibiJity,  elasticity,  &c. ; 
and  the  wide  range  of  phemraiena,  fJaasad  under  the  head  of  chemicsl  aAuty,  are 
attributed  to  l}ic  action  of  molecular  fiKcea. 

Coheaion.— The  tram  Cohesion  ia  applied  to  thoee  mclequlflr  forcce  of  attraction 
whicll  hold  togethor  die  partJcles  of  a  body  so  aa  to  form  a  masB.  When  t^  force  is 
sliraig  enough  to  resist  the  force  of  graTitation,  die  body  is  a  solid ;  when  it  is  so  weak  as 
not  to  resist  the  force  lyl  giaTitat^on,  eioept  in  rcry  small  massee,  but  is  strong  anongh 
te  retain  the  partieles  of  the  body  within  a  certain  seosible  distance  of  one  another,  we 
have  «  liquid  body;  but  when  it  is  so  weak  as  not  to  retain  the  particles  within  a 
sensible  distanoe  of  one  anather,  we  haTS  a  Tapour  or  gas.  Theclumge  in  the  force  of 
cohesian  from  the  solid  to  the  fluid  state  is  so  grednal,  that  in  some  bodies  wq  find  a 
difficulty  whether  to  consider  them  solid  or  imperfectly  fluid ;  and  here  it  may  not  bo 
amiss  to  state,  that,  afcdrding  to  the  stiiat  mathematical  definition,  we  ate  not  aoquainicd 
with  any  perfoctjy  rigid  eidid  body,  or  any  perfect  finid.  Tho  fbrce  of  ctdicdoa  is 
mBoifbatcd  more  strangly  by  some  liodiee  than  otHis.  A  piece  of  India  mhber,  cut 
smootUy  and  cleanly,  and  &b  cut  sox&ces  placed  in  contact  with  one  uothn,  will  be  so 
firmly  united  by  this  foico,  that  the  united  pintion  will  adhere  as  closely  together  as  any 
uncut  portion  of  the  maaa.  Flales  of  glass,  it^iich  hare  been  smoothly  polished  and  laid 
on  one  another,  hare  beccnne  bo  firmly  united,  that  it  has  been  impossible  to  separate 
them  without  breakii^.  The  united  portions  have  been  cut,  and  the  edges  polished  just 
as  if  the  pieces  had  been  fused  together. 

That  in  fluids,  when  their  masses  aro  small,  the  cc^eaive  force  is  stroi^  enough  to 
oTOKome  the  force  of  gravity,  is  manifested  by  the  spheiical  shape  of  their  drops — by  the 
minute  globulea  into  which  m«t:uiy  may  ba  divided.  The  force  of  cohesion  is  not  con-i 
fined  to  particles  of  tho  same  substance.  Different  substances  eieKise  this  power  on  one 
aoollier;  sometimes  eron  mco-c  readily  than  substances  of  the  same  kind.   Siddeiingis  an 
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I  mstsnce  in  vUcft  in  avail  ourselveB  of  thte  property,  in  order  to  unite  motali  villi  o 
aDofher.  Tinning  metalB  is  also  an  application  of  thia  property.  In  order  to  effectthis 
kind  of  nnion  we  are  Bometinies  otliged  to  oso  an  acid  or  >  flui,  fnr  the  purpow  of 
dsmtsg  ■6ie  mr&ce  of  the  metal  to  bs  K^dered  or  tinned.  Seat  baa  tlic  poirer^  ia  n 
BubstasceB,  of  coiuiderably  moditying  tliia  force,  and  •ometimes  apparently  destroying 
it.  At  ceiti^  tenqNintiiTes  irtA  and  platinB  posseu  the  property  of  trelding— that  is, 
by  piesmre  or  hsmmerini;,  their  eur&ces  may  be  bnm^t  so  vjthin  the  aphere  of  the 
furce  of  cohedoB,  as  to  unite  aereral  piecea  into  a  body  ■■  sidid  as  if  it  had  been  cast. 

Gahesion  takes  place  alto  betreen  aoUdB  and  fluida.  If  a  drculor  disc  of  metal,  pr»- 
snting  a  gireit  area — »ay  four  square  inohea,  for  inatance— be  suspended  from  o: 
end  of  a  balance,  so  as  to  have  its  aurjacc  perfectly  horizonial,  and  be  accurately  cou 
teipoised  by  wei^ts  in  a  scde-pon  at  the  otker  eitremity  of  the  balaooe ;  if  a  veasei  of 
vater,  merenry,  or  any  other  fluid  be  jdaced  under  the  disc  of  metal,  so  as  to  bring  the 
'ice  of  ^c  £iic  in  contact  trith  the  fluid,  it  wiU  be  found  that  a  force  of  attractian 
Till  be  exerciaed  by  the  porticlea  on  the  surface  of  the  disc  on  those  on  the  surface  of  the 
fluid,  vhich  will  require  a  weight  to  be  placed  io  the  scaie-pan  to  OTcrcome  it,  so  ai 

rate  the  rar!ncea.  That  this  forco  is  independent,  in  some  moBsure,  of  tho  pressure  of 
the  atmosphere  on  the  surfaoe  of  the  disc,  is  proved  by  the  iaot  that  the  weight,  vhich 
Gomea  the  cohesiTe  force  exercised  by  the  suifacei,  varies  considerably  when  discs 
Efiorent  metals  of  the  suae  weight  and  auperficial  sur&ces  ore  used.  The  eomps- 
■e  force  of  adhesion,  in  this  mamior,  of  gold,  silvt  r,  and  iron  for  mercury,  are  as  the 
numbers  2363,  2271,  and  flIO  ;  but  it  must  be  obscrred  that  little  rcliaooe  can  be  placed 
in  these  numbers  as  affbidjng  an  absolute  knowledge  of  tlia  coheaive  force  of  mercury 
<n  these  motBla,  &oid  the  difficulty  of  eliminating  ths  et&ct  produced  by  the  chemical 
action  of  the  mercury  combining  with  tbc  metals  whi»e  surfaces  are  brought  In  cuotact 
with  it,  in  some  measure,  and  thua  introducing  into  our  results  a  modification  due  to 
the  adhesion  of  the  particles  of  mercury  to  one  anolJier. 

OftptUaij  AttzactioB* — it  a  glass  tube  be  drown  so  fine  Ihat  its  internal  bore 
!  about  equal  in  fineness  to  a  hair,  it  is  called  a  capillary  tube,  from  the  Latio  word 
aipiUu»,&laii.  Onatubaof  thiskind  being  paitially  immersed  iji  a  fl.uid,  the  fluid  iu  tho 
bore  of  the  tube  in  most  instances  will  rise  conaiderably  aljoye  tie  surface  of  the  fluid 
TOT  ta  it.    The  heittht  to  which  tic  fluid  rises  is  dependent  o&  tiic  diameter  of  tho 
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Wliai  the  boTO  of  the  tube  ii  coiuddfirable  in  lice,  we  do  not  obaerro  tiie  ri 
of  the  fluid ;  but  the  Bui&ce  of  the  fluid  is  raised  from  ita  harizontal  level,  where  it 
comes  in  contftctvitb  the  intemr  of  the  tube,  so  u  to  render  the  surface  of  the  fluid 
concsre  iosteid  of  perfectly  lerel.     TMs  subject  hss  hcea  profbimdly  and  carcfuUy 
iavestigtited  by  the  French  matbematieiMis. 

When  two  equsl  pistes  of  glass  are  united  together  along  one  edge,  so  as  to  form 
a  small  angle  with  one  another,  the  attraetion  of  the 
panicles  of  glass  for  the  Quid  causes  a  fluid,  into  which  the 
plates  arc  partially  immersed,  to  rise  in  such  a  manner  na 
to  present  a  curve,  which  has  been  proved  to  bo  that  conic 
■rction  known  by  the  name  of  the  hyperbola.  Capillary 
pttractioB  19  of  &eqncnt  occurrenoo  in  nature,  and  of  the 
greatest  use  in  the  ftrta.  It  is  by  capillary  attraction  t 
melted  win,  oc  fat,  and  the  oil  rises  in  the  wick  of  the 
B  candle  or  lamp.  By  tbia  force  the  spoi^  possesses  the 
uaaM  property  of  abstH-bing  water,  and  the  blotting  paper  that  of  ink. 

Endoamooe  *iid  Bxommo**.— !^<>m^  curious  phenomena,  bearing  some  analogy 
be  property  of  capillary  attraction,  have  been  discovered  by  Dutrochct,  which  have 
enabled  phyaiobgists  to  eiplain  sonic  facts  which  boforo  admitted  of  no  explanation. 
If  two  fluids,  capable  of  mixiog,  be  separated  i 

from  one  another  by  a  bladder,  or  some  olher  ' 

pmous  di^ihiogm,  two  currents  will  be  get 

one  by  the  passage  of  the  fluid  A  tbrougb  I 

the  diapbragm  D,  to  mix  with  the  other  fluid  ! 

B,  and  the  other  by  the  passage  of  B  to  A. 

One  of  these  currents   ia   generally  much  ^  j 

stronger  than  the  other,  so  that  the  bulk  of  I 

the  liquid  on  ono  side  the  diaphrajiTn  increoacs.  nfailo  the  other  diminishes.    Duticcbct 
applies  the  tenn  endosmose  (inn-srd  iicpulte)  to  the  stronger  current,  eiosmoac  (outward    i 
irapnlae)  to  the  weaker.    For  tbo  same  fluids  the  radoBQiose  or  csnamoso  depends  upon     1 
the  nature  of  the  diaphragm.     Endosmose  of  sulphuroiw   acid  of  lOi  sp.  gr.  takes     i 
place  to  water  when  bladder  is  the  diapbi-agm,  but  from  water  to  the  acid  when  the    ' 
diaphragm  ia  of  baked  corthcna'arc  not  glozcit.     Through  India  rubber,  which,  but  fur    , 
discovery  of  these  phenomena,  we  might  have  considered  impervious  to  water  or    ' 
alcohol,  endosmose  proceeds  from  alt^nhol  to  water,  first  alowly,  but  ofterworda  quickly, 
when  tie  India  rubber  has  been  acted  on  by  the  alcohol ;  at  the  same  time  the  alcohol 
becomes  more  and  moro  dilute  by  the  action  of  an  oppodto  atrcam  of  water.    A  bladder 
tied  ever  n  glass  filled  with  alcohol,  swcUn  up  under  water  to  such  an  extent,  tbatwben 
the  bladder  is  pricked  with  a  needle  tho  alcohol  spirts  out  in  a  long  Etrcam.    In  this 
experiment  a  little  alcohol  dbo  passes  into  the  water.    Aleobol  and  water  exhibit  con- 
trary actions  towards  India  rubber  and  bladder,  because  alcohol  adheros  moro  strongly 
to  iidia  rubber,  water  to  bladder. 

These  curious  phenomena  seem  to  have  no  relation  to  tho  filtering  power  of  tlic 
diaphragm  for  the  fluid  which  posso:!  through  it.  We  regard  India  rubber  as  the  best 
j^tcr-tight  substance  we  can  procure,  A  solution  of  oxalic  acid  passes  through  bladder  to 
rater  at  all  degrees  of  concentratinn  and  temperature, — the  more  it  is  concentrated  the 
faster  it  travels ;  on  the  contrary,  it  filters  through  tho  bladder  much  moro  slowly  than 
water  {tbe  slowncu  increasing  with  the  concentration),  if  the  lower  surface  of  the 
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bladder  be  jdaced  in  contact  with  a  solution  of  the  sama  itrenjitli  U  fiiat  vbow  rate  of 
filtration  is  to  be  determined. 

Mftulan  «f  ChM«a. — Anotlutr  phenomenon  produced  by  malanDlar  a1 
the  puticlm  of  matter  &a  one  another  ia  that  bj  vhich  a  heaTj  gas,  wboae  mrtum  is 
in  contact  nith  a  lifter  one,  diftUseB  itself  throng  the  lifter  gaa  in  oppoeition  to  the 
graritj  <^  its  particles.  This  seems  to  depend  upon  some  pover  of  Bttnctia&  vhich 
tbe  particles  of  the  gas  seem  to  have  for  particles  or  atoms  of  gas  different  bwa  thwn- 
selves.  Thus  carbDnio  acid  gas,  a  very  hearj  gas,  diffuses  itself  through  hydrogen,  hj 
tite  attraction  which  the  molecules  of  hydrogen  eiercisa  on  those  of  carbonio  acid. 
This  ii  a  wonderful  prorision  of  nature ;  f<^  were  it  not  for  the  diffuaibility  of  gaaw  we 
should  often  be  poisoned  by  an  accumulation  of  carbonio  add  gas  on  the  sur&ce  of  the 
globe  or  in  our  dwclUi^s,  juit  as  top  are  poisoned  in  the  Orotto  del  Cano,  where  the 
cmbonic  acid  gas  escapee  more  lajndly  finun  the  crorioee  of  the  rock  than  it  is  diffiued 
through  tiie  air. 

Oktftljal*. — This  namg,  which  simplv  mpam  tlissolnng  or  deoomposing,  has  been 
applied  by  Bereolius  to  some  very  obBouro  phenDmena  in  chemistry,  by  which  a  body 
seema  to  ezenuse  a  force,  termed  by  him  the  catalytic  force,  by  which  it  decooqmaes  or 
causes  the  combiuadon  of  substances  which  como  in  contact  with  it  without  su&ring 
olteratiDU  itself.  It  has  been  supposed  that  some  instances  of  catalytic  action  may  be 
rcfeiTEd  to  molecular  attnction.  Thus  a  piece  of  very  clean  pl»tina,  csiefully  cleansed 
by  immeiaion  in  acid,  and  plnn^red  into  on  explosiTC  mixture  of  oxygen  and  hydrogen, 
cause*  the  gases  to  explode  and  combine.  Finely  divided  platina  produces  the  samo 
effect.  What  la  called  qwngy  pUtina  becomes  red-hot,  and  seta  fire  to  a  jet  of  hydrogen 
gas  projected  on  it  in  the  open  air.  This  action  is  said  to  be  dne  to  the  attiaetion  of 
she  particlea  of  platina ;  tor  the  particles  of  oxygen  and  hydrogen,  being  strong  enough 
to  counteract  the  mutual  repulsion  of  the  particUs  of  the  gas,  are  htonght  sa£- 
oiently  dose  to  one  another  to  cause  thdr  combination  by  their  mutual  afflnity.  The 
power  tieshly'bunied  chcicoal  has  of  absorbing  large  quontiUea  of  different  gaees,  and 
condenaing  them  within  its  pores,  may  be  referred  perhaps  to  the  same  kind  of  actiim. 
Pciitaps  all  solid  bodies  possess  this  power  of  attraction  for  gases ;  it  is  exceedingly 
difflcult  to  remove  &om  a  haromctcr-tube  the  film  of  air  which  adheres  to  the  snr- 
fkoo  of  its  bore,  nnd  this  can  only  bo  done  siiccessfnlly  by  boiliug  the  mercury  in 
the  tube. 

Mapnlslon.— Beside  the  mulecnlar  furcu?  <iC  nttiuction  which  we  have  been  con- 
sidering,  particles  of  matter  exercise  a  repulsive  force  on  one  another,  when  their  portiobs 
ore  brought  sufficleatly  near  to  oue  another.  Ucat  seems  to  be  the  great  source  of  this 
repotnre  power,  and  some  authors  liave  supposed  every  particle  of  matter  to  be  sur- 
rounded by  an  atmosphere  of  heat,  to  which  its  rcpubdve  force  is  to  be  attributed. 
Both  the  attractive  and  repulsive  force  may  be  exercised  in  the  some  body  at  the  same 
time,  as  ve  shall  see  imdeT  the  next  head  of  our  eubjoct. 

WaiUl^T — ^^  term  ekatieity  is  referred  to  that  property  of  matter  which  causes 
<  a  body,  whose  shape  has  been  altered  by  the  application  of  some  external  force,  to  resume 
its  former  shape  oD  the  removal  of  the  cause  to  which  its  ohango  of  fbrm  wai  due. 
Thus,  if  a  ball  of  India  rubber,  glass,  or  ivory,  be  dropped  upon  a  hard  pavement,  it 
will  rebound  immediately  after  it  strikes  the  pavement  with  eonuderable  force,  and  if 
the  spot  where  it  strikea  be  covered  with  ink  ot  paint,  we  shall  have  a  manifest  proof 
of  tha  allaration  in  sht^  of  the  boll,  produced  by  its  toll  on  the  pavement,  by  finding 
s  mniVii  larger  potion  of  the  ball  covered  with  the  ink  or  paint,  than  could  have  been 
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the  ewe  if  it  had  retained  it^  ipherical  sh^o.  The  force  whick  prodaee>  iim  tebonnd 
is  attnJmted  to  the  elasticitj  of  ibe  boll,  and  ia  due  to  the  rapulalTe  force  i^iich  the 
portiitleB  of  tlia  bell  ezendM  on  eooh  otber,  vhen  they  bi«  tinviUy  broDKbt  into  qcstct 
cmtaot  'with  ona  another.  If  tliia  i^nldTO  foroo  be  greater  than  the  cohecive  force 
-vhioh  the  partide«  exercise  on  one  anotbCTf  or  if  the  force'  of  the  biow  be  HUfflcieat]j 
great  to  remove  the  poMMee  beyond  the  Bphero  of  their  cdieaive  force,  oar  bill  irill 
be  frscturcd. 

All  bodies  are  more  or  Icea  clsstiR,  eolida  as  well  aa  fluids,  Home  posseenng  this  pro- 
perty in  mncb  greater  degree  than  others.  Gaws  sod  Tspoun  are  called  elastic  fluida, 
&om  the  perfectnesa  iritb  which  they  powcss  this  property,  o'wii^  to  the  porerfiil 
repulmon  their  particles  cxtrcisc  on  ono  anotlier, — a  repulsion  almost  without  Unit. 
Liquids  appear  to  possess  thid  property  in  so  ireak  a  degree  that  they  are  sometimea 
called  inelaatio  fluids,  in  cantradistinction  to  Tapoars  imd  gasoa ;  Init  this  inelastiaity  of 
fluids  is  only  apparent,  and  arises  from  the  great  force  of  repulsion  which  exists  between 
their  particles,  wMch  catiscs  them  to  resist  any  force  which  tends  to  bring  their  particles 
closer  than  l^o  sphere  of  their  mutual  attraction  of  coheuoil,  with'  such  energy  that 
fluids  can  only  be  compmaed  into  a  emallcr  bulk  by  the  action  of  enonnons  forces. 
This,  hairoTcr,  has  been  done,  asd  liquids  have  shown,  by  the  force  with  -which  they 
hoTo  lecorcrcd  their  bulk  on  die  removal  of  the  force  of  compieasion,  that  they  are 
highly  clastic,— a  feet  that  might  haro  been  anticipated  by  the  fkrality  with  which 
liquids  transmit  the  vibrations  of  a  sonoroas  body,  whioh  is  made  to  vibrate  when  im- 

■sed  in  tliem.  Water  conveys  sound  even  more  rapidly  than  sit, — aonnd  travelling 
through  air  with  a  velocity  of  about  1123  feet  per  second,  and  throu^  water  at  the 
e  of  4703  feet  in  the  same  time.  According  to  &S  experiments  of  M.  CoUadou,  the 
sound  of  a  bell  was  conveyed  under  water  through  the  Lake  of  Geneva  to  the  distance 
of  about  nine  miles.  It  must  ba  bomo  in  mind  that  sounds  made  in  the  air  are  heard 
with  difficulty  under  water,  owing  to  the  difficulty  with  which  vibratiotu  are  com- 
monicated  &om  one  medium  to  another.  It  is  to  the  elasticity  of  matter  that  we 
are  indebted  both  far  the  production  and  communicatian  of  sound.  U  a  bell  be  stnch, 
its  shape  is  altered,  tlie  posilion  of  its  particles  ore  changed,  and  their  elasticity  causing 
the  body  to  resume  the  shape  allcrcd  by  tlie  blow,  a  number  of  vibratians  are  produced. 
These  vibrafions  are  communicated  by  the  elasticity  and  vibratiotis  of  the  air  to  tie 
ceedingly  delicate  apparatus  of  oiir  cor,  where  ihcir  intensities  are  modified  or  increased, 
j1  commnnJcated  to  our  sense  of  hearijig.  That  ak  elastic  body  is  necessary  for  com- 
monicating  the  vibrations  of  (he  bell  to  our  oar  is  proved  by  the  common  experiment  of 
striking  a  bell  irader  an  eihanstcd  receiver,  wlicn,  if  proper  preca<itions  be  taken  to 
prevent  the  communication  of  the  vibrations  of  tlie  bell  1o  tho  aii  through  the  medium 
of  the  vibrations  of  the  support  of  the  exhaust^  receiver,  no  sound  will  bo  hoard. 

If  the  vibrations  be  eiflicr  fewer  or  greater  than  a  certain  number,  in  a  gireu  time, 
no  eoitnd  will  be  heard,  though  this  limit  of  the  capabilities  of  hearing  varies  in 
individuals  i  some  not  being  alio  to  hear  a  sound  which  is  disteeasingly  acute  to 
others. 

By  the  bcautiM  experiments  of  Ckladni  we  havo  been  made  acquainted  with  the 
extraordinary  vibrations  which  arc  made  by  a  sounding  body,  and  have  been  enabled 
to  manifest  them  to  the  eye.  Take  a  rectangolar  piece  of  ghua ;  amooth  one  of 
edges,  A  B,  by  griudiug  it  en  a  stone  with  a  littie  sand;  hold  it  firmly  by  means  o 
cmnmon  hand-vice,  C,  placii^  a  little  cotton  wool  between  the  ^lua  and  Hm  rice ;  tiun, 
if  the  vice  be  screwed  moderately,  and  the  plate  be  held  liy  tiie  vice,  and  oovosd  over 
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with  dry  aand,  upon  dnndng  »  fiddle-bow  atxoea  the  edge,  A  £,  a  musical  pMe  will  ho 
produced.  Aa  sooa  u  the  Mood  is  heard,  the  particlM  of  Mnd  will  be  Tiokotly 
agiUled,  and  projected  apwards  a  conaiileiable  didazice  by  the  Tihntuuu  of  Ihe  f^asB, 


but  not  cqaally  so  orer  the  whole  plate.  In  Mine  parts  thcro  KiU  bo  no  qipanttt 
agitation,  and  if  the  note  bo  sustained  a  few  icaaiids  the  sand  will  bo  found  arnuged 
n  beantifiil  and  geocraUir  iTmmetrical  Sgunts.  If  the  f^aas  be  held  by  the  vice  in  the 
loine  positjon,  tlie  same  figure  will  alwaya  ^ipear  with  the  lame  note ;  but  it,  rather  by 
diSbicnt  application  of  tlio  bow,  or  by  -aUeiing  the  part  where  the  bow  u  applied,  a 
3  produced,  the  figure  is  imBiedtatelj  altered.  If  now  a  tnembianons 
bodf,  atratched  over  a  hoop,  mch  as  a  taiiU>oiitine,  be  oovered  vith  land,  or,  vhtt  is 
better,  moderately  coarse  emery,  nnd  hold  near  the  glass  while  tt(e  jdate  of  glass  is 
vibrating,  it  will  bo  found  that  the  vibiatioiiB  of  the  glass  ca&  be  conTsyed  by  the  air  to 
the  tamboorinn,— tlie  vibrations  of  tlie  tanboaTine,  thoagh  nntonidiad,  manlflestiiQ  tbem- 
selvea  by  tha  sound  figures  formed  on  its  sutface  by  the  motion  of  the  particles  of  sand 
r  emery. 

These  espcrimenta  not  only  show  us  how  general  is  the  piniporty  of  elasticity,  bnt 
(hoy  also  proTO  that  the  particles  of  a  aolid  body  ore  capable  of  being  moTod  about 
I  another  with  comidetable  foroe,  withont  devtroying  the  coheeion  of  the  pai- 
tielea,  sod  exceeding  the  limits  of  its  action,  and  yet  retain  ^e  characteriftics  of  a 
solid  body. 

vibrations  iJius  excited  in  a  solid  body,  by  means  of  sound,  may  sometiBtee 
ciceed  the  Hmita  of  the  cohesive  force ;  and  a  glass  tumbler  has  been  bnAxn  by 
vibratians  produced  by  the  Tuicc  of  a  powerful  singer.  For  aught  wc  know  to 
contrary,  the  particlea  of  all  solid  bodies  may  bo  in  a  stats  of  oontiBaOus  vibration 
motion,  tbongli  we  may  have  no  meana  of  rendering  their  motion  visiblff  Sound 
curves,  which  are  not  maniiWted  on  a  vibrating  glaaa  or  metal  plate  by  MUld,  are 
brooght  out  by  the  fine  light  dost  of  lycapodinm ;  and  wc  know,  &om  the  vibrations  of 
mding-board  of  a  musical  instmment,  that  tiierc  ove  many  vibrations  sufficiently 
pOTerful  to  produce  soond,  and  not  movo  the  fine  dust  of  lycopodium.  The  vibrations 
which  may  be  produced  in  a  solid  body,  by  the  aubtile  foreca  of  bent,  light,  and 
electricity,  cannot  be  cihibitod  by  any  such  rough  ezpedicnta  as  the  strewing  of  land 
and  lytx^mdinm  on  their  surface,  but  may  be  infem-d  irom  tlic  beautiful  cipcrimcnts  of 
the  polariacope. 

"a  body  as  perfectly  elastac  whith  acquircB,  from  its  elasticity,  a  force 
oiactiy  equal  and  xippOBite  to  the  fbrvo  with  which  it  impinges  on  a  reaialing  body,  and 
•e  danoniinate  this  perfect  ehuljcity  by  the  number  100,  }Ir,  Hodgldnson  bos  ahown 
that  tha  riattidty  of  gUsa  will  be  91 ;  of  hard  baked  clay,  99  ;  ivory,  Bl ;  Jimestnnc, 
■     1,  T3  ;  bell-metal,  87 }  cork,  65  ;  dm-irood,  tKran  the 
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fibre,  60;  Inui,  41;  lead,  20;   and  cb j,  jwtt  malleablo  by  the  band,  17.    S'o  eolid 
body  is  known  wbicfa  ia  eitbor  perfectly  elastic,  or  perfectly  inelastic. 

IVo  mcbds,  neitber  of  wUch  am  Tory  elastic,  may,  by  their  combination,  prodoce    I 
metal  capable  of  producing  mosical  Bonnda  of  great  sweetnosa  by  its  superior  elasticity.    | 
Buch  metali  are  known  by  the  name  of  beU-metal.     It  is  not  necessary  that  a  bodr 
ahould  be  hard  in  older  to  bo  clastic ;  India-mbbor  is  sn  instance  of  a  soil;  body  bcinf; 
highly  elaatie.    Tbia  aubatoncc  also  shows  that  elasticity  is  affected  by  heat ;  a  piece  of   i 
India-rubber  losing,  to  come  extent,  its  elasticity  .by  the  applicatioa  of  cold.    Tul- 
d  India  rubber  is  a  combins.tion  of  India  rubber  and  Gulphar ;  more  clastic^  and 
pieeerving  its  elasticity  at  a  lower  temperature  than  India  rubber.  i 

OapIUwy  KapiilBloii. — If  a  capillary  tube  bo  immersed  in  mercury,  the  mcr- 
CUT)-,  instead  of  riaii^  in  the  lube,  by  the  attraction  of  the  sides  of  the  tube,  will  bo    j 
repelled,  and  the  mercury  will  not  rise  to  the  height  ottbe  fluid  outside  the  tube.    Thp 
le  repulsion  may  be  shown  to  exist  in  tbe  case  where  watci  is  used,  by  greasing  the 
interior  of  the  tube,  or  dusting  it  with  lyc<^iodimn.     If  the 
tuba  be  well  greased,  and  dusted  with  lyeopodium,  so  as         r^ 
'  ir  Bur&ce  of  tbe  tabe  to  repel  tbe  par-         I  b 
tides  of  water,  the  water  wiU  rise  only  a  little  way  up  the         i 
tube,  as  iabe;  and  its  sucfsco,  a  a,  considerably  below  the 
soiface  of  the  fluid  exterior  to  the  tube,  will  be  conTCi,  as 
in  the  case  of  mercury.     If  the  tube   bo  only  sli^tly 

greased,  the  water  will  rise  to  the  level  of  the  ertemal      ^l 

fluid,  and  its  surface  be  perfectly  plain,  as  in  the  tube  rf  <  ;         \f.f'       f.  ^i 

and  if  the  tube  be  pcifeotly  clean,  so  ns  to  produce  tbe         ^ 
phenomena  of  capillary  attraction,  it  wiE  rise,  ns  in  the 
tube/^,  and  its  surfiuie  will  be  concave. 

This  repulsion,  exercised  by  the  eurfiice  of  one  body  on  another,  is  the  cause  of  the 
globular  form  of  partioles  of  quieksilTcr  on  surges  which  the  quicluilver  is  ineapablo  of 
wetting,  and  of  the  similar  form  of  the  drops  of  deir  on  a,  loaf  which  has  not  been  wetted 
by  the  water.  If  drops  of  water  be  let  fall  ott  a  Biufsco  of  paper  which  has  boen 
greased,  or  dusted  over  with  lyci^iodiuin,  a  like  rffcct  will  be  produced.  A  sewing 
needle,  when  perfectly  dry,  may  bo  made  to  float  with  case  on  the  surfeoe  of  water, 
which  will  be  visibly  repelled  from  the  surface  of  the  needle, — a  sufficient  volume  of  air 
being  retained  about  it,  to  overcome  the  folGe  of  tlie  gravity  of  tbe  needle,  and  prevent 
it  &om  linking. 

Small  bodies  floating  on  water  apparently  attract  and  repel  one  nnetber  when  thet 

uro  brought  within  ■  certain  distance,  though  this  attraction  and  repulsion  is  due  ti 

the  eapiUary  attraction  and  repulsion  of  the  sui&ee  o 

the  bodies  and  the  fluid  in  which  tbey  float,  and  no 

exerted   by  the  bodies  on  each  other.      Thus,  if  w. 

groose  two  cork  bolls,  A  and  K,  and  dust  tiiem  wit4i 

lyeopodium  powder,  they  will,  when  set  upon  water,  repel 

the  liquid   all  mund,  tnch  ball  reposing  in   a  hoUow 

space.     If  brought  near  to  lach  other,  their  repulsion, 

exerted  on  tbe  water  at  C,  niakes  a  complete  deprosaioa, 

and  they  fiiU  toward  one  nsother  as  though  they  were 

attoeting  each  other.    It  is,  however,  the  lateral  prcssura  of  the  water  beyond,  vhich 

ftntea  them  together.      Again,  if  one  of  the  bolls,   £,  is  greased,  and  dusted  with 
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lycopodinm,  uid  the  other,  D,  gIgbh,  and  thcuefoie  opaUe  of  being  uoiiteaed,  la 
elevutioD  will  exist  til  roimd  D,  snd  a  dapnsaton  rouDd  E.  When  idao«d  near 
togetlier  the  balli  appear  to  repel  each  other ;  the  aotion  ia  this  cage,  aa  in  the  former, 
arising  from  the  flgiint  of  the  surface  of  the  irater. 

The  dilatability  and  compresiibilit^  of  aolid  or  Snid  bodies  depends  upon  the  action 
of  the  repnlure  forces  trhich  their  constituent  particles  azo  capable  of  exerting  aa  01 
another,  and  the  forces  by  which  Ihey  are  raodiflcd.  These  foroes  are  shown  to  dif&r 
greatly,  arcording  to  the  composition  of  tho  bodies  in  which  they  are  manifested. 

ObcBkleftl  AWntty. — Besides  tho  molecular  forces  which  we  hare  bean  c 
sidering,  there  are  a  vast  nomber  which  are  moat  important  in  their  eflbcts,  and  are 
classed  nnder  the  general  name  of  Chemical  Affinity.    Host  (^  the  molecular  fotocs 
which  we  haTc  hitherto  eonaidered  aro  produced  by  the  mutual  action  of  the  portiolcs 
of  homogeneona  bodies,  or  bodies  composed  throughout  of  the  same  Und  of  substance 
upon  (me  another.     The  fbrcea  of  attraction  or  repulsion  manifested  by  the  chemical 
affinities  of  sabatancea  for  one  another,  arc  produced  by  the  action  of  tli«in>il>r  sub- 
stances.    We  tbIgt  the  fbroes  vbich  hold  il  bar  of  iron  together  (and  by  their  action 
cause  its  ri^dity,  and  tho  vibrations  of  its  psjticlcs,  and  to  which  the  bar  of  iron   < 
owes  most  of  its  cliaractcristic  properties)  to  the  fbrocs  of  attisotion  and  rqnilsion,  whii'h    ! 
wc  hare  already  considered ;  but  its  rusting  when  exposed  to  the  air,  and  its  tolntian    I 
in  on  acid,  and  the  me&na  of  obtaining  the  iron  back  again  from  ita  luat,  or  from  the    ■ 
salt  formed  by  its  solution  in  an  acid,  wo  attribute  to  certain  unknown  forres  and    i 
properties  of  matter,  designated  by  the  term  chemical  affinity,  or  repulsion.  I 

The  consideration  of  chemical  affinity,  in  all  its  details,  would  lead  ua  through  the    ' 
wide  domain  of  the  xeienco  of  chemiatry  ;  consequently,  we  can  only  giro  euoh  a  new    | 
of  the  subject  as  may  make  the  term  chemicid  afflnity  intelligible  to  such  of  our    I 
readers  as  are  unacquainted  with  chemistry;  referring  them  for  further  infbrmatioa  to 
special  treatises,  but  yet  indicating  the  moat  important  properties  of  matter  classed 


"We  htTe  already  mentioned  that  sizty'three  simple  suhslanoes  have  been  discoTcred, 
which  have  ludierto  resisted  every  attempt  to  reduce  them  to  simpler  elements,  and  I 
which  we  gave  the  mune  of  simple,  or  indeeamposible  elements.  AS.  ths  bodies  w 
meet  with  in  nature  are  either  composed  of  some  one  of  these  simple  elements,  or  else 
Ibrmed  by  the  union  of  two  or  more  of  Ihcm.  Sometimes  this  nnion  is  merely  mecltan- 
iesl:  OS,  for  instance,  if  wo  were  to  mix  a  quantity  of  sand  and  sawdust  together, 
and  unite  them  into  a  mass,  by  means  of  glue,  or  some  other  substanoo,  the  par- 
ticles of  sand,  gins,  and  sawdust  n-ould  remain  unaltered ;  or  the  union  nay  be  of 
a  different  nature,  as  in  the  cose  of  iron-rust,  to  which  wo  have  already  alludod.  Iron 
is  a  aimple  element,  and  a  metal.  Oxygen  is  a  simple  element,  wbkh  as  yet,  in  its 
Bimplc  fi>im,  has  only  been  obtnined  as  a  gas.  Now  the  oxygen  ia  found  to  unite  with 
iron  in  certain  proportiona,  and  form  a  new  substance — iron-rust — whioh  di&en  in  all 
its  properties  from  either  the  iron  or  the  oxygen  frtim  whidi  it  is  fbimed.  By  no 
mechanical  means  of  division  whatever  can  we  separate  the  iron  from  the  oxygen  in  the 
most  minute  particle  of  the  rust  which  wc  can  procure.  Sust  is  an  instance  of  ■ 
chemical  combinatian  of  iron  and  oxygen,  and  is  known  by  the  scientifiD  appellation  of 
xn  oxide  of  iron.  This  is  not  the  only  oxide  of  iron ;  the  chemical  combination  of  the 
oxygen  with  the  iron,  to  form  iron  rust,  we  stlribnta  to  certain  unknown  pcopeitic*  of 
the  particles  of  matter  constituting  iron  and  oxygen,  which  we  call  their  ohemieal 
afbiity  for  one  another. 
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TheK  arc  two  kiodi  of  dieinicitl  Rfflnity,  diAiing  from  aae  uatlier;  one  iawhict 
EidbstsnGCB  are  capable  of  combining  Tith  one  mothci,  one  of  the  sobalaacei  boing  ii 
iut7  propcrtioii  vhUerer  to  the  other,  and  the  oilier  in  wbich  the  subHances  only  uuiti 
in  certain  definite  proportions.  Solntioni  of  Btdid  Babstancea  in  dold^  are  «n  uistioci 
of  ths  farmer ;  iron-rust  and  vnter  are  iiutancei  of  the  latter. 

Spirits  and  irater  era  capable  of  mdzing  together  in  any  proportiona  irhaf^rrer ;  the 
some  13  trac  for  mlphnric  odd  and  vater ;  whilo  BomG  fluide,  niob  «b  oil  end  wa 
cannot  be  mode  to  unite.  Common  salt  is  mlublo  ia  miter ;  and  if  some  salt  be  i 
salved  in  vatcr,  the  quantity  of  \ratiT  nuiy  be  incieued  to  any  amount ;  and  the  &alt 
will  be  combined  vith  every  particle  ttf  the  Tratei ;  for  a  given  portion  of  water,  how- 
ever, the  (Tonvcrso  nill  not  hold  good.  AAcr  a  certain  amount  of  salt  baa  beea  di^- 
Ktlved  in  the  watE:r,  tba  water  is  incapable  of  diaeolviim  any  more,  and  the  liquid  ia  said 
o  be  saturated.  The  same  holds  tmc  for  many  other  £ubstancGS  tiiaa  common  salt ; 
sMnetimcs  warm  water,  or  a  warm  liquid,  will  ta^  up  more  of  a  solid  than  cold,  and, 

I  ii!w  instances,  the  revorse  is  the  case,  Scane  si^ds  wUch  ore  solulile  in  one  liquid 
are  iovolnblo  in  another.    Camphor  is  soluble  in  spirit,  and  but  slightly  soluble  in 

:oT.  Tf  we  add  water  to  a  solutioa  of  oamphDr  in  spirit,  the  camphor  will  be  imme- 
diately separated  from  the  miitme  in  a  wllite  powder.  We  say  that  this  effoct  is  produoed 
by  the  graater  affinity  of  spirit  ibr  water  tJuui  for  camphor.  Beside  these  caaea  there  are 
innnmcsabla  instances  in  which  the  chemical  elenumls  combine  with  one  mother  in 
deflnito  proportions  only,  by  weight,  which  has  led  to  theimpcmont  doctrine  of  chemical 
equivalents.  We  have  already  intimated,  tJiat  if  eight  ports  of  oxygen,  by  weight,  be 
mixed  with  one  part  of  hydrogen,  by  weight,  and  the  mixture  be  combintd,  cither 
by  passing  throi^h  it  an  electric  spark,  or  by  any  other  means  of  igniting  the 
tniittiro,  on  explosion  will  toko  place,  and  a  quantity  of  vator,  equal  in  wei^t  to  the 
lum  of  the  weights  of  the  gases,  will  be  formiBd.  If  citlker  of  the  gases  be  in  excess^- 
thus,  if  there  be  nine  parts  of  oxygen  and  two  parts  of  hydrogen — only  ei^t  parta  of  the 
oxygen  will  combine  with  ons  part  of  hydrogen,  and  the  remaining  parta  of  oxygen  and 
hydn^en  wiUremaiB  oncombined.  It  does  not  follow  that  these  ore  the  only  propor- 
tions in  which  theso  two  clemrntB  will  combine.  To  take  another  imtoacc  ■  sixteen 
parts,  by  weight,  of  solpbnr  combino  with  eight  parts  of  oxygen  to  form  twen^-four 
parts,  by  wei^t,  of  hypoaulphuions  acid.    The  same  weight  of  eu^hux  comUnes  with 

iO  the  preriouB  weight  of  oiyi^  to  fonn  suIphuronB  acid,  and  with  three  times  the 
first  weight  of  oxygen  to  form  sull^nrio  oeid.  Now  what  wo  have  said,  for  the  oom- 
binationi  of  sulphur  and  oiygen,  is  true  for  tlio  conibimtions  of  evory  other  elementary 
body,  when  they  unite  together  to  form  a  new  chemical  compound  by  the  action  of 
thoir  affinity  for  one  another.  Each  substance  has  a  certain  weight  for  itself :  thus,  if 
iTO  take  the  wei^t  of  hydrogen  as  1,  for  ono  unit,  oxygen  will  be  8  very  nearly  (it  is 
lot  exactly  8  according  to  the  analysis  of  Berzclius,  but  S'OIS,  which  differs  &cmi  S  by 
10  sm^  a  fraction,  that  wo  may  use  8  for  it  as  an  approximation),  carbon,  G ;  nitrogen, 
II ;  aulphor,  16 ;  iron,  28  ;  and  Co  en. 

Now  it  has  been  found,  by  an  immcnso  number  of  onalyaca,  that  thcac  simple  ele- 
lentsj  when  thoy  combinQ  together,  always  do  ao  occto^ing  to  some  simple  mnltiplcs 
of  fteir  napective  proporidonil  uiunber.  Tiio  new  substances,  thus  formed  by  the  com- 
bination  of  two  elementary  sulntaaces,  have,  for  their  equivalent  or  combining  weight, 
'  le  wrd^t  vhich  ia  the  sum  of  the  weights  of  their  constitnents ;  and  combine  either 
ith  (tties  fjniple  elements,  or  thnr  compounds,,  genaially  in  simple  mnltiplea  of  their 
eqniTalent  weights.    The  elements  ore  gcnerslly  designated  by  ohenuEta  by  the  £l«t 
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nitf.  Sulphnric  acid  lias  a  aingie  elective  afitrnty  for  the  fbUoiriiig  BubRtMieea,  ia 
tic  order  in  wMch  they  stand  ;— 

Baiyte.  I  Lime. 

StnmtiB.  I  Ammonia. 

Potaau.  MBgaesia. 

Soda.  { 

Thus,  among  thcae  substaocos,  tlio  affinity  of  Bulphuiic  atid  fur  baryta  ia  conaidered  the 
atrungoat,  and  for  niagnciia  tha  vealLcat  Jjono  of  tho  substancea  can  sqante  baiyta 
Jrom  il^  solution  in  sulpburia  acid ;  all  can  separate  magaesia  fitnii  its  solution.  Again, 
sods  con  supanUc  limo,  aaunonia,  and  magncsiii,  but  not  pota4!«i,  stronjia,  or  baryta, 
from  their  solution  in  suipkuiic  acid. 

Sometimce  compositions ,  and  dccainpoiitionii,  whicb  cannot  be  effected  by  singlo 
electiTO  affinity,  arc  produced  by  a,  double  decompoaitiou,  vhich  is  called  double  electivi.- 
affinity.  Thus,  if  130  parla  of  the  nitrate  of  baryta,  dia&olved  inii'atci',  bo  mixed  with  n 
Eoluljon  of  88  parti  of  aulphate  of  potash,  tho  nitric  acid  wi]l  leave  tlie  baryta  to  com- 
bine irith  tho  potnsh,  and  form  102  parts  of  nitrate  of  potash,  which  will  remain  in 
solution  while  the  sulphuric  acid  will  combine  with  the  baiyta,  and  IIG  parts  of 
theBu^hatoofbar}'tawillbo  precipitated. 

Wo  are  not  enabled  by  these  deoompoiutions  to  arrive  at  a  tuiTett  knowledge  of  the 
real  strength  of  the  chemical  affinities  of  substances  as  compared  with  one  another,  a^i  so 
many  unknown  disturbing  causes  may  influence  our  results.  Thus,  when  a  stit^am  of 
hydrogen  gaa  is  passed  over  oxide  of  iron  heated  to  redness,  the  oxide  is  luluccd  to  the 
metallic  stat^,  and  water  is  generated,  &om  wMcb  wo  might  inftr  that  hydrogen  has  a 
atnmger  affinity- for  iron  iima  for  oxgeu.  If,  en  tlie  contraiy,  watery  vapour  is  broagkt 
into  contact  with  red-hot  icon,  tlic  vapour  is  decoDipo^d,  and  oxygen  cunibincs 
with  the  iron,  which  would  lead  ns  to  conclude  that  the  affinity  of  ii'on  ibr  oxygen 
was  strolu;cr  than  that  for  hydrogen.  Xhcsc  infcrcncca  ai-c  cLenrly  incoutpatiblc  with 
one  another,  since  the  affinity  of  oxygen  for  tho  elements  iron  and  hydrogen  must  be 
either  equal  or  unetiual.  Wc  are  not  onabied,  thcrefbre,  to  nieasure  the  rdalive 
intensity  of  tho  chemical  affinities  of  different  subatonces  for  one  another. 

dystallliie  Fine*. — Bodies  which  assnme  the  solid  form,  are  either  amoqibous. 
that  is,  without  sliapo  or  deiinitc  form ;  crystals,  in  which  case  their  auriaces  arc 
genendly  plane,  and  inclined  to  one  another  at  defluito  angles  ;  or  crystalline,  when 
they  aro  composed  of  an  iircguJar  aggregation  of  minute  crystals.  Bariey-sugar  is  on 
instance  of  an  amorphous  body ;  su|{ar-candy,  of  a  cry-stol ;  and  a  lump  of  loaf-stigar, 
of  a  crystalline  body.  MarUcis  aninstanee  ofcryataUiaeforni;  but,  if  it  be  ground  into 
the  fincBt  dust  to  which  it  can  be  possibly  reduced,  the  particles,  vit  wed  under  a  powerful 
mieroscope,  will  present  well-formed  eryatalE,  resembling  those  of  locloud  tpai'.  It  is 
probable  that  moat,  if  not  all,  aubstances  would  ctyatallixe  in  [>uMing  fi-om  the  fluid  to 
the  solid  state,  if  some  disturbing  cause  did  not  prevent  the  particles  from  arranging 
themselves  symmetrically  about  one  another,  under  the  influence  of  those  mulscular 
forces  which  cause  t^  body  to  oaaume  the  solid  Etat«.  Many  substances  ore  fbund  as 
cryatals  in  the  mineral  kingdom,  which  wo  cannot  crystallize  in  the  laboratory. 
Water  is  fiozcn  readily  into  ice,  which  posseaaea  some  of  the  atliibules  of  a  ciystallinc 
body,  both  as  to  cleavage  and  optical  properties,  without  presenting  us  with  definite 
forms.  Tho  crystals  of  water  cannot  bo  obtained  artificially ;  but  in  snow  they  trv  pre- 
sented ia  gr«at  variety  and  most  beautjful  combinations. 

Crystals  may  bo  fbmcd  in  varioos  ways :  by  sublimadon,  as  in  the  o«m  of  •tatnie 
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nad  ED^lniT ;  bj  the  arupontioa  or  cooling  of  a  finid  in  which  tko  B<did  ii  diMOlved '  I 
and  by  Qte  Bimple  paasage  from  the  fluid  to  tlie  lolid  itate,  at  in  the  CMe  of  mlphnr  i 
and  moat  metals.  I 

The  Tirietiee  of  dyriaU  an  cndleee ;  more  than  seren  hundred  diffbient  ciystal*  ' 


of  onemlMaacc — corbonateoflime— haTebecnflgurGdanddcscribcd.  Itisfound,  how-  : 
,  ever,  that  the  most  ccnqilicated  fonns  may  be  reduced  to  comparatively  few  simple  oni^g,  i 

by  obaerrti^  what  sim^  symmetrical  solids  would  be  formed  by  those  laces  of  a  eryitnl  ; 
'  which  have  a  eymmctricsl  relation  to  one  another— if  those  faces  were  supposed 

to  be  continued,  so  as  tn  form  n  solid.  ! 

These  simple  symmetrical  solids  are  frequently  found  perfectly  dcicloped  among  the 

erystals  of  those  substances  from  whose  more  complicated  forms  they  may  be  derived. 
^  Tbo  simple  forms  thus  obtained  are  found  to  arrange  themselves  into  six  distinct  groups ;   , 

the  forms  in  each  group  being  connected  Kith  one  another  by  distinct  relations  and 

laws.     These  groups  are  termed  systems  of  crystallisation.    It  was  Mipposed  by  Uaiiy, 

that   there  wa?  a  primitiTP  form  for  the    elementary  ^  atom  of   every  crystalliia-  I 

hie   substance,   nnd   tliat  all   the  varieties   of  forms  i 

presented  by  its  cr3-staU  might  b?  built  up  by  the  I 

imion  of  these   primitive  atoms.      Thus   th;i    occom- 

I«nying  diagram  shows  how   he   conceived  the  more 

lomplicated    form    of  the    rhombic    dodecahedron,    a 

solid    bonnded  by  twclvo   equal   and  similar  rhombs, 

might  be  built  up  of  cubical  particles.    Hniiy's  primitive 

atoms  were  cubes,  octohedra,    rhomboids,   and  square 

or  oblique  prisms,  according  to  the  system  to  which  the  | 

crystals  belonged.     This  hypothesis  of  Haiiy,  though 

it  is  not  now  maintained,  on  account  of  the  many  dif- 
ficulties which   a   more  extended   study  of  crystatlo-  | 

gnyjiy  has  prescntad  to  its  reception,  has  led,  however,  1 

trical  laws  upon  which  the  systems  of  crystallography  ai 

iLsnomencUturc  too  Gnnly  on  chemical  science  to  be  easily  eradicated.    Dr.  AVollaston,   I 

instead  of  supposing  etyatals  to  be  formed  of  cubical  or  other  solid  particlcii,  bounded  | 


0  the  discovery  of  the  gcomc-  | 
■J  founded,  and  has  impressed   I 
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by  plane  heea,  (MHuidered  all  the  crfdaUiaa  famu  of  the  eobical  iTrinu  of  ciyAab  to 
I  built  up  of  atnaU  qihczes,  and  the  fiBnu  of  the  other  ajotenu  by  prolata  uul  ofaL 
'  spheroids.     His  hypotheeis,  however,  is  not  more  sueceasful  than  that  of  Haiij't, 

aoconntiiig  for  die  axcaedin^f  compUcated  anangementg  which  would  bms  la  be  ma 

in  order  to  huild  up  many  forma  occurriag  very  frequently  among  ciystala. 

ClMtwase. — A  moet  interesting  property  of  eryetnla  is,  that  many  of  then  con 
split  or  dcATed  in  certain  definite  directions,  parallel  to  («rtain  geometrical  solids,  with 
great  case ;  tluu  showing  that  there  are  certain  directions  in  which  tho  cohesive  tonxa 
which  hold  the  particles  of  crystals  together  act  with  less  intensity  than  othera. 

The  forms  of  crystals  and  their  cleavages  present  us  with  the  best  hope,  by  a  careful 
study  of  (hem,  to  arriTO  at  a  knowledge  of  the  laws  of  molecular  force  ;  as  these  BoUds 
may  be  considered  mathematical  and  geometrical  eipi-essions  of  the  laws  by  which 
tlicso  forces  act  on  the  particlee  of  a  solid  body. 

Different  substances,  which  arc  found  to  crystallize  in  forms  whose  solid  angles 
present  the  same  measurement,  are  called  iso-morphoui,  that  is,  of  lilo  (Aqfw — 
the  form  of  their  ultimate  atoms,  according  to  the  hypotheses  of  Haiiy  and 
'WoUoston,  being  supposed  to  bo  identical.  Mlien  the  same  substance  is  found 
crystallizing  in  fbrms  belonging  to  two  or  three  difierent  systems  of  crystals,  it  is 
said  to  be  di-morphous,  or  tri-morphous — that  is,  of  two  or  three  primitiTe  forms : 
thus  the  atoms  of  carbon  and  solphar  arc  di-morphoas— thftt  is,  in  one  condition  tboy 
take  one  piimitivo  farm,  and  in  the  other  another.  It  is  found  that  thia  change  takes 
place  in  a  body  by  an  alteration  of  temperature.  It  is  this  &ot  of  dimorphisBi  which 
presents  su  almost  insuperable  objection  to  tlie  theories  of  Hafly  and  WoUoston,  It 
Ti-ould  be  wiser,  however,  to  confess  our  utter  ignorance  of  the  form  of  the  ultimate 
psrtieles  of  matter,  ifliiey  havo  any,  and  patiently  to  collect  new  facta,  until  some  more 
happy  hypothesis  may  be  discovered  to  coablc  us  to  group  together  a  larger  number  of 
facta  into  some  law  of  nature. 

It  id  found  fliat  certain  substances  are  capable  of  replacing  one  another  in  CCTtain 
compounds — snch,  for  instance,  as  the  alums  and  garnets — without  altering  their  crya- 
tidlinu  forms.  Substaneos  which  thus  replace  one  another,  are  said  to  be  ieomoridiouB 
elements. 
'  StxensUi  of  Mat*ii*U, — Tho  strength  of  a  solid  is  identical  with  the  degree 
'  in  which  it  possesses  tlie  power  of  retaining  tti  figure  against  the  tendeDoy  of  il 
component  parts  to  obey  the  influence  of  gravitation  or  any  similar  disturbing  force. 

The  efieets  of  a  force  acting  on  a  solid  liody  are  numerous ;  the  chief  being  eiten 
sion,  compression,  detnision,  flexure,  torsion,  alteration,  and  fracture.  The  power  of 
coasting  these  e&'ects  is  not  to  be  determined,  in  the  case  of  particular  substances,  other- 
«-ue  rtian  by  experiment.  A  body  is  subjected  to  extension  when  a  weight  is  sus- 
pended below  a  fixed  point ;  and  in  this  case  a  body  retains  its  form  by  its  cohesion, 
asMated  by  rifuUty.  Whea  a  weight  is  supported  on  a  pillar  placed  below  it,  the 
pillar  is  compressed,  while  it  plainly  resists  the  cfleot  by  a  repulsive  force,  but  secor 
rily,  also,  by  rigidity.  Dotrumon  takes  place  when  a  transverse  force  is  applied  close 
to  a  fixed  point,  in  the  same  manner  in  which  the  blades  of  a  pair  of  scissors  act  on 
pin  ;  and  the  force  whieli  resists  this  operation  is  principally  the  lateral  adhesion  of  tho 
component  parts  of  tho  substance,  aided  by  a  degree  of  adhesive  snd  repulaive  force. 
Flexure  is  brought  about  by  the  application  of  three  or  bosk  iorces  to  different  parts  of 
a  substance,  by  which  it  is  bent,  some  of  its  parts  being  extended,  otheia  emnpressed. 
In  torsion,  or  twisting,  the  central  particles  remain  in  their  natuial  state ;  while  those 
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vlueli  «ie  in  oppodte  psitB  of  the  oircnmferackce  tie  displaced  in  oppoate  diraotioiu. ' 
When  bf  tim  (^erotion  of  01117, '"'  f^  Kverol,  of  tliEra  forces,  a  penoanent  obange  is 
e&cted,  tiisf  kind  of  altarstion  has  occurred  which  ia  temcd  "  setdiug,"  or  "  taking  a 
set."    nietnre  is  the  limit  of  all  the  befbra-mentioncd  e&ctB.— Youho. 

Two  Jdnda  of  forms  are  ooncemed  in  all  theae  etfectK—muaelj,  Bimple  presaoro  and 
impnlee.  The  aimplest  vay  in  which  it  body  can  be  broken  is  by  taaring  it  aannder. 
Tbe  coliesivo  fores  continnas  to  ba  increaaed  aa  long  aa  the  tenacity  of  the  snlMtance 
allovv  the  partiide*  lo  bci  aepnrated  from  each  other  without  a  permanent  altciBtiDn  of 
fbim ;  and  wbt^  tbis  has  been  prodoced,  tho  game  force,  if  ita  aetion  i>  condnned,  is 
gencsally  capable  of  oauslng  a  total  separation  of  continuity. 

A  body  of  a  pound  wei^l,  falling  from  the  height  of  a  yard,  will  prodiioe  tho  eama 
effect  in  breaking  any  Bubstanco  aa  a  body  of  tJiree  pounda  falling  from  the  height  of  a 
foot,  unce  their  momenta  are  cqu^  If  the  pressure  of  one  hundred  pounds  break  a 
giren  snbitanoe  after  extending  it  through  the  space  of  an  inch,  the  aame  will  break  it 
by  (rfriking  it  witb  tha  Telocity  that  would  be  acquired  by  the  fall  of  a  heavy  body 
from  the  height  of  half  an  inch  ;  and  a  weight  of  one  poond  wonld  break  it  by  &lling 
from  a  height  of  fifty  inches. 

The  Mlawing  pasiafie  from  tho  work  of  an  eminent  philosopher  illuitniiae  some  of 
tho  difflcoWea  in  thia  aubject : — "There  ia  a  limit  beyond  which  the  Tohtoity  of  a  body 
strikiug  anothor  cannot  be  increased  without  overooming  iti  reeilience,  and  breaking  it, 
howcTer  small  fte  bnik  of  tho  first  body  may  bo  ;  anil  thia  limit  dcpenda  on  tie  inertia 
of  the  parte  of  ihe  seoond  body,  which  most  not  be  dieregarded,  when  they  are  impelled 
witb.  a  considerable  velocity.  For  it  is  demonstrable  that  there  is  a  certain  relocity, 
dependeAt  on  the  nature  of  a  Bubstascc,  with  which  tho  efibct  of  any  impulse  or  presaozo 
is  transmilScd  through  it ;  a  certain  portion  of  time,  wbich  ia  shorter  accordingly  aa  the 
body  ia  more  elaatie,  being  required  for  tha  propagation  of  the  force  through  any  part 
of  it ;  and  if  tho  actual  Telocity  of  an  impulse  bo  in  greater  proportion  to  this  Telocity 
than  the  extension  or  comprewion  of  wbicb  the  substani^c  ia  capable  is  to  ita  whole 
gth,  it  is  obvious  that  a  separation  must  bo  produced,  since  no  parts  can  be  extended 
compressed  which  are  not  yet  atfbcted  by  the  impulse,  and  the  length  of  tha  portion 
affected  at  any  instant  is  not  sufflciont  to  allow  tho  required  extension  or  compression. 
Thus  if  the  velocity  with  which  an  impression  ia  tranemittcd  by  a  certain  kind  of  wood 
bo  15,000'fcct  in  a  second,  and  it  be  suscoptible  of  compression  to  the  T^th  of  its 
len^^th,  the  ^oaieet  velooily  that  it  can  resist  will  be  75  foot  in  a  second,  which  is  equal 
(0  that  of  a  body  fnlling  from  a  height  of  about  90  feet.  And  by  a  similar  compariaon 
jay  determine  tho  velooity  which  will  be  sufflcient  to  penetrate  or  break  off  a  sufa- 
stanoe  in  any  other  manner,  if  we  calculate  the  velocity  required  to  convey  the  impulse 
from  one  part  of  the  substance  to  tho  other,  and  ascertain  (ha  degree  in  which  it  can 
have  its  dimensions  altered  without  fracture. 

[t  is  easy  to  uudei'stand  finm  this  statement  the  different  qualities  of  natnial  bodies 
with  respect  to  hardness,  softness,  toughness,  and  britUcncss.  A  column  of  challi, 
capaM©  of  supporting  only  a  pound,  will  perhaps  be  compreB5nd  by  it  only  a  thouaandtii 
part  of  its  length :  a  column  of  India  rubber,  capable  of  suspending  s.  pound,  may  be 
extended  to  more  than  twice  its  length ;  tho  India  robber  will  therefore  resist  tbc  enei^ 
?f  an  impulse  incomparably  greater  than  tho  cball:.  A  diamond,  the  hardest  substance 
n  nature,  may  be  broken  by  a  moderate  blow  with  a  small  hammer  in  tho  direction  of 
me  of  ita  cleavage  planes.  A  weight  of  1,000  pounds,  moving  with  a  velocity  of  one 
bot  in  a  aecond,  and  acting  on  a  small  surface  of  a  board,  may  possess  Bufttdent  energy 
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«  it  'With  a  velocity  of  100  feet  in  n  second,  b  wdg^t  of  -f^Qi  o( 
n  pound  vill  powess  the  saine  energy  and  produce  tbe  (tame  effect,  if  it  act  on  a  Bimilnr 
■ujfiKW ;  but  if  the  irood  be  to  constituted  as  to  be  wholly  incapable  of  TCnsting  a 
velocity  of  100  i^  in  a  second,  it  nay  be  penetiated  by  a  weight  of  linthof  apoond 

as  well  as  by  -^th,  and  by  >  moderately  sett  snbstanco  as  well  x  bf  a  harder.  The 
whole  boaid,  howerer,  if  at  liberty,  would  receive  a  much  greater  nooiciitiun  from  the 
impulse  of  flie  large  weight  than  from  that  of  the  imall  one,  ita  nation  being  continued 
for  a  much  Umgcr  tim«.  And  it  is  for  this  reason  that  a  ball  Bhot  by  a  pistol  will  per- 
forate a  sheet  of  paper  standing  upright  on  a  table  without  npeetting  it."  j 

Thus,  however  easy  it  ia  ta  describe  in  general  terms  the  nature  of  a  solid  as  thai 
form  of  matter  in  wbicb  the  cohesive  force  reaista  gravitation  and  presi»-rcs  form,  we 
find  it  to  be  a  very  complex  subject  when  our  attention  is  directed  to  the  relative 
atrenglh  of  particuLu-  aubatanccB,  Bud  to  the  aumcnms  modes  id  which  that  strength 
may  be  tried.  As  rcapects,  however,  the  force  of  coheflion  in  solids  to  resist  gravitation, 
DC  or  two  ilioatratioDS  remain.  If  a  subatanco  be  conceived  to  be  raised  in  the  fbrm 
f  a  pillar  to  an  unlimited  altitude,  a  height  will  be  at  last  attained  at  which  its  own 
reight  wiU  crush  its  base.  In  the  same  msmier,  if  a  pillar  of  any  substanco  be  cou- 
ceived  to  be  suspended  by  one  extremity,  there  ia  a  certain  length  of  every  anbalaaco 
BufScieDt  by  its  own  weight  to  snap  such  a  pillar  at  its  upper  part.  There  is  a  certain 
height  beyond  which  trees  of  each  particular  kind  of  wood  cannot  rise,  owing  to  their  | 
own  weight  proving  too  great  for  the  lower  part  of  tho  trunk  to  austain  it  without  being  ' 
I  crushed.  In  like  manner,  nnininla  cannot  exceed  that  eiss  tho  weight  of  which  can  be 
sustained  by  the  strength  of  theii  texturoa.  Animala  of  much  groatcr  size  can  exist  in 
water  than  on  land,  ainee  the  movements  of  the  pirta  arc  sustained  by  the  superior  ] 
oUatioity  of  the  watPT  over  air. 

We  find  physiologists  laying  it  down  as  impossible  for  human  beings  to  have  existed    ' 
on  the  ewQl  of  very  great  superior  stature  to  the  height  of  men  in  general.     The  arg;u- 
mcnt  proceeds  on  the  assumption  that  the  componeut  textures  of  a  human  body  could 
not  have  been  much  stronger  than  titose  of  the  present  race  of  men.   If  this  be  admitted,    ! 
it  follows  that,  under  any  considerable  iocrease  in  the  bullc  and  the  weight  of  the  body,    ' 
the  textures  would  have  been  torn  aiunder  in  the  ordinary  movements  of  the  frame,    i 
In  oorrespondenoo  with  thoac  vicwa  ii  the  speculation  dwelt  on  by  some  writers  on    ; 
asti'onomy,  that  if  human  beinga  exist  in  the  plajiet  Jupitor  they  miiat  bo  of  vorj-    ' 
diminutive  stature,  since,  owing  to  the  enormous  mass  of  that  plBnc>t,  tie  for  e  of  gravi      [ 
tatioQ  at  its  surfece  very  fir  exceeds  thai  force  nt  the  surface  of  cur  corth     On  the    ! 
contrary,  that  if  human  beings  cxi5ton  some  of  the  n  oro  r  cenll\  dLwovcred  astetuid      ; 
such  as  Gores  and  Vesta,  thB  mass  uf  which  ia  imign  ficont  as  comi  aied  to  liic  corfh 
they  may  bo  of  the  most  gigantic  height,  even  on    hundred  ftet  high  without  eipc     , 
rienciog  any  more  difficulty  in  moving  about  the  surfa  e  of  Ihuir  planet    than  ma 
finds  in  moving  on  the  earth.  ' 

Best,  Light,  Uld  Electllcity.— The  clFucta  of  heat,  light,  and  electricity  en  < 
tho  properties  of  matter,  are  so  numcroiia,  and  ponderable  matter  affect*  these  agent;  I 
in  so  mony  ways,  tiat  no  description  of  tliem  can  be  given  without  discussing  the  [ 
laws  of  thcBO  marvellons  agents  of  tlio  crearion,  and  wo  must  thorcforo  rcaervc  these  \ 
interesting  topics  for  onr  separate  casays  on  Heat,  Light,  and  Electricity, 
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2.  Hydbostaiics,— tho  regt,  or  equilibrium  of  JM4  bodiit  under  the  infloence  of 

3.  Aebobtattcs, — the  rest,  oc  eq^ujlibrium  of  avriform  iadiet  under  the  infloeoee  of 

Wlien  motioii  is  the  result  of  the  applicntioa  of  forces  to  these  conditions  of  matter, 
WB  haTe  then,  these  three  subjects ; — 

1 .  Dthauix, — the  mation  of  Molid  iodia  produced  by  the  influence  of  fbrcea. 

2.  Htdsodtnamics,— the  motion  of  fluid  bodia  produced  by  the  ioflnoneo  of  foree«, 

3.  Abbodtkahics,  or  PSEUniTics,— the  motion  of  aeriform  bodiet  produced  by  tbe 
I  influence  of  forces. 
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STATICS. 
That  branck  of  mechanlcBl  pliilasopliy  wbich  treats  of  tLe  rnt,  or  equililirium  cf 
Kilid  bodies,  when  under  tiie  action  of  any  fiwcefl,  ia  called  Statka.    Statics  ie  dariyed 
from  *  Oreek  Tord,  rraTuoj,  the  Boienoe  af  wei^t. 

Btat«ilal  Faztlclc— The  BDuUleat  portioa  into  wMch  any  solid  body  cm  be  con- 
ceived to  be  divided  by  any  memns  wliateTer,  recall  a  Material  Rniicte,  Tliia  material 
partuJo  ia  an  abateact  numtiil  coaccption,  aitogeflier  indepctident  of  any  Qaatia  of  tlie 
nltimate  dirision  of  matter,  and  does  not  therefore  correspond  with  the  atom  ffiacnesed 
In  the  properties  at  matter.  The  material  particle  ia  a,  mere  gctmetrical  point,  irhicli 
eoBceiTO  dcstitale  of  ereiy  property  sats  one— that  of  hcang  act  ia  motion,  or 
brought  to  rest  imder  the  infloence  of  forces  which  are  aupposed  to  act  upon  it  It  is 
conceived  to  be  destitole  of  Ibnn  or  aenaible  magnitade. 

RlgU  Body.— A  rigid  body  is  a  collection  or  assemblage  of  a  number  of  material 
particles,  held  togothei  in  an  inTariable  form,  by  forces  of  auch  inlemn^,  that  no  con- 
ceivable force  il  supposed  to  be  capable  of  altering  the  form  of  the  hod^,  er  diaturbii^ 
tbc  position  of  ai^  of  iti  particles. 

This  rigid  body  is  abo  a  menial  ftbsltaGtioii,  having  no  representative  in  natoie. 
No  material  BoHd,  with  Artiich  Te  are  acquainted,  is  perfectly  rigid,  tluni)^  the  anbunni 
molecular  fonca,  which  hold  the  particles  oi  most  aoM  bodies  togetitei,  sie  so  great, 
that  for  many  practical  purposes  we  may  regard  them,  within  certain  limits,  as  rigid. 
I  variona  solid  bodies  which  occur  in  nature,  though  difiering  tem  one  another  by 
many  properties,  seem  to  possess  one  property  in  common — that  of  being  able  to  trans- 
mit any  fctce  applied  to  any  one  of  their  partklee,  onimpaiced  in  intensity,  through  all 
the  particles  of  their  substance,  which  are  in  the  same  straight  line  with  Ihe  direction 
of  the  applioati<m  of  the  force.  Experiment  shows  that  most  solid  bodies  possess  this 
lerty  moie  or  lew ;  it  is  this  tUeh  distisgnisheB,  in  i  great  measure,  solid*  fnan 
is, — any  force  qqplied  to  a  particle  of  a  flnid  being  conveyed  thmogh  every  pai- 
tide  througbout  its  subatanoe  iu  every  direction. 

This  property,  whidi  natural  solid  bodies  possess  more  or  less,  we  sludl  aasmne  eur 
rigid  body  to  possece  perfectly ;  and  this  will  dtaUe  us  to  eannciate  a  principle  apon 
which  the  whole  sdenoe  of  Statics  may  he  said  to  depend. 

Fitnclyle  of  Um  TxaiumlaalWL  of  Fosm.— When  a  force,  acting  in  cranbin&- 
ou  with  others,  holds  a  rigid  body  in  equilibriom,  the  eqn^briam  of  the  body  will 
not  he  disturbed  if  we  trana&r  the  point  of  application  of  the  force  to  any  other  point 
whatever  in  the  line  in  which  the  force  is  acting. 

Upon  this  one  assomptitm,  sn^eeted  by  nature  and  ezpraiment^  together  wid  the 
abstract  idea  of  the  nature  of  fiiice  as  CE^iable  of  producing  motion,  and  die  idea 
aJjesdy  defined  of  a  rigid  body,  the  whole  scieuce  of  Statics  can  be  built  op  without 
any  further  reference  to  natore  or  experiment.  We  mnst  bear  in  mind,  however,,  when 
re  apply  the  ooncluaions  to  whieh  the  teience  of  Statics  leads  ni,  that  these  conclusions 
will  only  hold  true,  for  the  solid  bodies  of  nature,  so  far  as  tbey  possess  the  properties 
of  perfect  rigidity,  and  the  perfect  transnussion  of  tbrce.  Within  these  limits  wo  may 
apply  our  science  to  the  action  of  forces  on  natural  bodies  with  accuracy. 

Bt«UoB  on  Abatntct  Seie&oo— Ststiea  is  an  abstract  mathematical  sdence,  and 
many  of  its  results  cannot  be  directly  confirmed  by  e^ieriment  Thus  one  of  the 
sim^est  propositions,  which  we  shall  hereafter  prove,  is,  that  if  two  weights,  P  and  Q, 
be  suspended  from  the  extremities  of  a  rigid  rod,  A  B,  resting  on  the  sharp  edge  of  a 
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tOTOOrt  at  F,  tha  n-eighta  P  «ad  Q  wiU  bslsnee  one  anotiier,  and  the  rod  A  B  wiH  be 
in  a  sUta  of  eqnilibriom,  provided  A  F  be  ib  many  mehea  in  length  as  Q  ia  ounces  in 
wei^  and  F  B  as  maoy  inches  ia  ieQgtt  w  P  is  onnoes  in  weight.  This  proporiteMi 
a  f  A      oannot  ba  proved  by  eiperimant,  anoe  it 

is  only  true  on  the  eupposition  that  A  B  is 
destitule  of  ireight,  and  no  bar,  who« 
weight  is  ini^reciablB,  can  be  found 
sufficiently  rigid  to  Bnpport  the  veighta 
P  and  Q  however  Bmall,  and  still  remain 
A\  perfectly  straight  imdeT  their  presHDW,  and 
th»t  of  the  Bharp  edge  at  F.  It  ii  tme 
that  another  pn^osition  of  Statics  ironld 
enaUe  at  to  I^b  into  account  the  weigfet 
of  the  bar  A  B. 

If  Oe  bar  A  B  vete  tnufcmn  thmngjiont  in  tJuoknen  and  matraial,  the  bar  wmM 
balanee  itwU  on  the  edga  F,  provided  a 
veigbl  ;,  eqinl  the  ve^ht  of  t^  par- 
turn  vl  the  bar  A  F,  wa«  aospended  baa 
Ae  point  i,  Ft  he^  e^oal  the  half  of 
AFi  andavei^t,;^  equal  theireiKlit  of 
the  pwrtionoftlie  bar  FB,sitipeitded  from  ■,  Fabeingeqiu]  thehalf  of  BF. 

Supposing  the  difficulty  of  the  veigbt  of  (ha  bai  thus  obviatsd,  tiiere  mnild  stiH 
reaiain.  sntAher  difBculty  in  the  way  ol  a  perfaet  experimantal  proof  of  onr  sinq)Ie  pro- 
positian.  Acoocdiitg  to  theory,  the  dightest  addttaonal  wei^t,  added  to  either  of  1^ 
wttights  P  or  Q,  ougltt  to  deetniy  tbe  equilihriuin  of  the  bar  A  B,  and  alter  its  perfecilly 
horiBontal  pamtkm.  Bat  tlussupqpoMe  that  die  «dgeMF  thas\qiport  F  will  ezerebe  bo 
fiictioa  ou  the  surface  of  the  rod  A  B.  By  s  proper  choice  of  matmiala.  for  tlu  ml  and 
the  airport,  and  ^so  of  tha  angjfl  of  tbe  «dge  af  the  n^pW,  &ii  bittiaa  nay  be  con- 
aideiably  diminished,  but  it  can  never  be  absolutely  destroyed.  If  we  could  succeed 
in  fulfilling  all  Uifi  conditicau  we  have  indicated  as  necesaar;  iix  the  ezperimenla]  proof 
of  the  very  daiple  propositian  of  oir  scumce,  which  w»  hava  ennneiafed,  wa  should  be 
able  to  construct  a  perfect  balance.  That  these  difficulties  are  real,  and  not  merely  inair- 
gdiary,  is  proved  by  Iba&et  that  abalanoe,  mfficimitLy  secutiTe  and  aocotate  to  supply 
tlta  wai^  of  t^  ipodran  analytic^  chemist,  is  a  very  expensive  insbmnent,  and  re- 
qoires  great  skill  and  acouracj,  aa  wall  as  scientiAc  knowledge,  for  it£  conttraotiioo, 
•a  Tbniagh  ve  oannot  ^peal  to  experimeiit  for  a  rigid  proof  of  our  propositbons,  if  we 
laake  the  oeoesaary  allowancGB  for  tiie  diflerence  botwoen  the  bodies  on  which  our 
eqiernnents  are  condneted,  and  file  itoogiDary  bodies  which  am  science  snpposee  fer- 
lecliy  rigid,  and  10  liwth,  careful  eiperimenta  will  serve  not  only  to  give  08  deara  views 
of  onr  acienca,  but  a]ao  to  ooaAeQ  onr  confidence  in  oui  abstiact  reasonings,  by  the 
a|ipioiiniate  coinoidenee  of  ouz  experimental  resolta  with  our  Ijifioretiaal  onnclusioiu. 
Thus,  if  in  the  experiment  beftwe  alluded  to,  we  make  the  necessary  allowance 
tor  the  weight  of  thebai,  by  ^iplying  the  small  weights;?  and;  to  the  pointa  sand  j, 
our  experiments  will  ^prazimat«  to  the  tbeoieticai  propositioii  in  [ODpartion  as  tlie 
fiiction  of  F  on  the  bar  ia  diminished,  and  the  bar  A  B  is  perfectly  strai^t  and  accu- 
rately divided  at  tile  points  a  and  i. 

Meat  or  EvaUlbtiiiiii,~Eaving  do£ncd  a  material  particle  and  a  rigid  solid 
body,  and  their  theoretical  prop^taea  and  condition,  we  must  next  consider  what  we 
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mean  bjr  dieii  raat  or  motioiL  We  aay  that  >  bod;  or  a  particle  U  in  motian  wliai  t 
perceire  the  bod;  or  particle  to  change  its  poaition,  and  that  it  is  at  rest  irhen  it  does 
not  change  ita  pcntioii.  Thii  cleaiiy  implies,  howeror,  diat  ire  have  some  means  of 
measoring  this  alteration  oi  change  of  poaition,  by  reference  to  other  bodies  which  we 
conceiTe  to  be  at  rest.  Hence  it  happens  that  what  wo  Huppose  to  be  rest  and  motion, 
arc  genersU;  only  eppai'mt  rest  and  motion,  and  tiiat  there  is  no  Eubject  on  which  oui 
Beosea  more  &equently  lead  us  to  foim  erroneous  conclusions  than  when  we  attempt  to 
dlKiiminate  the  real  or  absolute  rest  and  notion  of  objects  fi-om  their  npparont  rest  ot 
motion.  When  we  see  a  body  change  its  position  relatively  to  other  bodies,  we  cimnot  ielt 
whelher  the  body  which  seems  to  move  really  docs  bo  or  not,  till  we  know  whether  the 
bodies  relatively  to  which  it  appears  to  change  its  position,  are  themselves  in  a  stat 
rest,  or  whether  thej  are  all  moving  together.  It  may  so  happen  that  the  bodies  may 
be  moving,  diough  we  are  ouiBelvee  nnconscioaa  of  their  motian,  and  in  this  case 
body  which  apparently  moves  may  be  really  at  rest.  Instances  of  this  kind  are  of  daily 
oocuirsoce,  A.  paaon  im  board  ship,  whme  hii  own  body,  ss  well  as  all  the  inrround- 
ing  parts  of  the  ship  are  apparently  at  rtst,  *eaa  all  the  objects  which  the  diip 
passes,  carried,  as  it  were,  past  him  with  great  velocity ;  and  were  he  not  consciDna, 
from  other  considerationB,  that  the  ship  on  whiob  he  stands  was  really  in  motion,  he 
would  have  some  difficulty  in  conceiving  that  &o  apparent  motion  of  the  stationary 
objects  the  ehip  passes  by,  was  not  real  instead  of  imaginary.  This  is  sttihingly  iUoft- 
traledbylotiing  oot  of  a  railway  carriage,  whenmovingqnicily;  theobjecte,  sudi  as  trees 
and  houses,  near  the  carriage,  are  apparently  carried  by  the  window  with  great  rapidity, 
while  those  at  a  greater  distance  seem  to  pass  more  slowly.  If,  while  waiting  at  a 
station,  a  train  passes  slowly  by,  it  i3  often  very  difficult  to  tell  whether  the  train  in 
which  we  sre  seated  is  at  test  or  in  motion,  unless  we  correct  our  imprcsaion  by  looking 
out  of  the  opposite  window,  where  we  can  compare  the  podtion  of  the  train  with  the 
fixed  objects  of  the  station. 

Appuknt  B«at  or  BloUon  of  HMtw«Dlj  Bodlas. — A  popnlar  knowledge  ol 
asbonomy  is  now  so  common,  that  vs  have  no  diJUcultyin  persuading  persons  that  the 
tcppaien/t  motion  of  the  sun  and  stars  in  the  heavens  is  not  real.  Yet  this  is  a 
whitJi  can  only  be  demonstrated  by  a  long  course  of  intiicate  reasMUDg,  founded  ot 
iiomense  nnmber  of  careful  observations. 

To  an  ordinary  observer,  the  vault  of  heaven,  studded  with  staw,  appeam  to  revolve 
round  an  imaginary  axis,  while  the  caith  seems  perfectly  at  rest ;  each  of  the  fixed 
•tars  describes  a  circle  which  brings  it  back  to  the  positi<m  in  which  it  was  first  observed 
in  an  invariable  interval  of  about  23  hours  S6minates.  What  are  called  the  fixed  st 
ssem  all  to  move  tegether  with  the  vault  of  heaven,  and  never  to  change  their  relative 
positions  with  respect  to  one  another.  The  planets  and  comelx,  as  well  as  the  sun 
and  moon,  have  an  apparent  motion  among  the  fixed  stars.  In  the  case  of  the  planets, 
oomets,  and  moon,  Qas  apparent  .'motion  is  exceedingly  complex.  Sometimea  a  planet 
win  appear  to  more  tbrward  with  great  ntpidi^  among  the  stars  of  a  constellation ; 
then  it  will  come,  as  it  were,  to  a  stand  still,  remain  some  time  at  rest,  and  then  move 
backward.  Ancient  astronomeis  were  well  acquainted  with  the  phenomena  of  real  and 
apparent  motion,  yet  after  centuries  of  painful  research,  and  the  invention  of  most 
complicated  motions,  to  account  for  the  apparent  paths  of  the  pianola  on  the  vault  of 
heaven,  withcmt  avail,  it  was  resOTved  (or  the  genius  of  Copernicus  and  Kepler  to 
resolve  these  motions  into  simpler  ones,  on  th«  simple  hypothesis  that  sllthe  planets 
wete  moving  ronnd  the  sun  in  orbits  neariy  eUiptical,  and  never  at  reat. 
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JMnmmj  tenohea  iu  that  erery  oliject  oa  die  eartJi'B  Bar&oe  vhich  appean  to  u 
at  rest,  is  really  Bubject,  along  irith  the  eartli  on  vhicli  it  ia  placed,  to  two  mo' 
o  by  irhich  it  u  carried  round  liie  eatth'a  axia  by  its  dinmal  rotation,  and  u 
by  vMch  it  deacribeB  the  earth'B  orbit  round  tlie  buo.  in  a  year. 

From  these  considerations  it  appears  that  tliere  can  be  no  absoluto  rest  tar  m>j 
particle  of  matter  by  which  we  are  nuratuided,  that  peipetoal  motion  is  the  redd 
ii&m  of  all  muterial  objects,  and  that  when  we  apply  the  reasonings  and  principleB 
"le  science  of  statics  to  nature,  it  is  tlie  apparent  and  not  real  rest  of  bodies  to  vhich 
'e  must  have  r^ard, 

Tn  the  application  of  the  principlea  and  concluaiona  of  statics  to  Dature,  wa  in 
consider  (bs  earth  as  absolutely  fixed  and  at  reot,  and  neglect  its  real  motion  without 
introducing  any  scnsiUe  error  into  onr  experiments.  According  to  the  lav  of  inertia, 
considered  in  the  "  Propatties  of  Matter,"  all  the  bodies  on  the  earth  will  psitake  of 
the  earth's  motion,  aad  we  know  of  no  force  which  will  deprive  them  of  this  mot 
i^  therefore,  any  forces  pntdoco  the  relative  motioti  or  rest  of  a  teircstrial  body,  t 
pared  with  bodies  fixed  with  regard  to  tiie  earth,  that  relative  rest  or  motion  will  be  the 
same  whether  the  earth  be  really  at  rest  or  in  motiim.  A  fiuniliar  instance  may  make 
thia  asaertioD  clear.  If  a  ship  under  the  infiuence  of  steam  and  tide  be  moving  rapidly 
through  smooth  water,  all  meohanioal  powera,  socb  as  blodu  and  polUee,  the  wind- 
lass, and  all  the  parts  of  the  most  complicated  steam-engine,  will  act  under  precisely 

same  circumstances,  exert  the  same  forces,  be  brought  to  a  state  of  appateat  rest  or 

ion  compared  with  the  ship  as  a  fixed  object,  wbetlier  the  ^p  be  at  rest  or  in 
motion.    A  game  of  billiards,  which  requires  considerable  practical  skill  in  mechanical 

nee,  may  be  played  in  the  cabin  of  a  ship  without  the  players  being  aware  whether 
llie  ship  is  at  test  or  in  motion.  Though,  with  respect  to  the  earth,  the  balls,  which 
were  apparently  at  Mat  while  the  ship  was  moving,  woaldbeinreality  not  att««t,bnt 
moving  with  the  ship. 

Heaann  of  Foio*— 'l>y]ianiwnet«n<^ — We  regard  all  forces  as  equal  which 
produce  the  same  mechanical  effects,  and  in  statics  we  consider  foreea  as  equal,  which 
produce  the  same  effects,  when  applied  in  a  Himilar  manner,  in  bringing  a  body  into  a 
«  of  eqnilibrimn.  Instruments,  by  means  of  whioh  these  cfibcts  are  estimated,  ai 
called  dynamometers,  or  force  measorera. 

A  very  simple  dynamometer  consists  of  a  thin  flat  bar  of  steel,  ABC,  bent  into  ai 
ogle  at  B,  and  properly  tempered,   b 
that  if  any  force  be  applied  at  A  and  0, 
0  bring  the  extremities  nearer  together, 
the  force  of  elasticity  of  the  steel  will 

96  the  extremitieB,  A  and  C,  to  resun 
their  position  as  soon  as  the  farces  a 
removed.     The  greater  the  forces  qiplied 
to  A  and  C,  the  nearer  these  extremitdea  of  the  bar  will  be  bnmght  to  one  anodier.    To 

isnre  this  effect,  a  circular  arc  of  metal,  A  G  D,  is  fixed;  perpendiculaily  b 
auubce  of  the  st«el  bar  at  A,  passing  freely  through  an  opening  in  Hie  otber  extremity 
of  the  bar  at  C.  Another  arc,  C  A  E,  is  Mmilarly  fixed  at  C,  passing  through  s] 
opening  at  A.    Bingi  are  fixed  at  D  and  E  for  the  convenient  application  of  foraea 

tee  effects  are  to  be  estimated ;  and  one  of  the  aies,  A  D,  is  graduated  by  a  number 
of  equal  divimons. 

IF  the  extremity  E  of  the  dynamometer  be  fixed  to  abeam,  and  a  weight,  P,lnmg 
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bom  the  ring  at  D,  thn  gradosted  tun  will  BhoT  tt 
liriiigiDg  the  dfnUDOmeter 
reit,  with  tlis  extramitdes  of  tlie  bent  bu 

neanr  to  each  other  tbin.  tiiey  wem 

be&re  the  applimtiaii  of  the  weight  P. 

If,  tngtead  ol  appljiiig  a  wei^  P,  we 

pnU  with  our  buid  a  rtring  atlaofaed  to 

D,  till  we  biii^  tlw  gnidiuted  put  of 

the  arc  at  A  to  the  same  diyision,  to  E 

wliich  the  Wright  P  brought  it,  we  pro- 

dtice  with  om  band  •  aiinilar  statical 

eSbet  to  tiiat  prodnced  by  the  weight. 

We  therefore  conclude  that  the  ftirces 

esertsd  by  the  weight  and  by  the  hind 

are  equal  to  one  another,  though  they. 

am  OTidently  foieee  of  a  Tcry  difierrait 

cbaraeter,  the  foiee  of  the  w^gfat  being 
prodnced  by  the  eartii's  MtractioD  toi  the  paiticlaa  of  matter  of  which  it  ia  omnposed, 
lend  the  force  exerted  by  the  arm  being  dai*ed  &om'the  contndioDB  of  tJhe 
mnsDnlBr  fibres  of  &b  miuelei  of  the  arm,  due  to  aome  force  idiieh  we  call  the 
nnucnlar  force,  of  the  nature  of  whkh  we  ue  perfeotly  ignonmt. 

There  are  mimy  ether  dynamometBra  besidea  that  just  described,  such  as 
one  in  wbich  the  statical  efiiMta  of  a  force  causing  a  spiral  spring  of  wire 
contuned  in  a  metal  cylinder  to  be  oompTesMd,  is  meaaurcd  on  a  graduated 
rod,  as  in  the  accompauying  figuK.  llie  Tarions  kinds  of  balsnoeB  and  iteel 
yaids,  which  will  be  described  hereafter,  are  all  dynamometeta. 

Unit  of  Foice.— The  experiment  on  tiie  dynamometer,  just  descrOiedi 
would  lead  UB  to  infer,  what  is  found  to  be  true  in  praotice,  that  wea^it  is  the 
most  eonrenient  meamre  of  force  which  we  can  adopt  in  stsidcs.  Wo  say  titat 
a  force  of  ten  or  twelve  pounds  is  exerted  on  a  body,  if  (he  fbcee  prodocea 
the  Mme  statical  eBaat  on  the  body  which  a  weight  of  ten  or  twelre  pomlds 
applied  in  a  siniilar  way  would  produce.  The  onit  of  force  generally  adopted 
in  tliis  country  is  that  called  a  pound  weight.  But  bere  we  may  be  met  with 
the  inquiry,  what  is  a  pound  weight !  This  is  a  very  important  question, 
and  has  b^  determined  by  legislatiTc  enactment,  a^r  cueful  deliberatJOD, 
and  the  report  of  a  scientidc  commission  appointed  tor  the  considsTatian  of  ^ 
the  difficult  subject  of  standard  weights  and  measoiei.  Ifl 

Potmde  Ttoy  and  Aiwolidupols.—Ey  the  Act  of   Parliament  (fith      IB 
Geoi^  IV.,  c.  71,  passed  m  the  year  1824,  seetiims  4  and  B,)  it  is  enacted — 
"  That  from  and  after  the  first  day  of  May,  1825,  the  standard  brass  weight  of  oi 
pound  troy  weight,  made  iu  the  year  of  17SS,  now  in  the  custody  of  the  clerk  of  the 
HoDse  of  Commons,  shalt  he,  aai  lie  aame  is  hereby  declared  to  be,  the  original  and 
genuine  standard  of  measore  of  weighty  and  that  auch  brass  weight  shall  be,  and  is 
hereby  declared  to  be,  the  original  and  genuine  standard  measure  of  weight,  and  that 
such  brass  wright  shall  be  and  is  hereby  denominated  the  Imperial  Standard  Troy 
PtMod,  and  shall  be,  and  is  hereby  declared  to  be,  the  unit  or  only  standard  n 
weight  from  which  all  other  weights  shall  be  derived,  computed,  and  ascertained,  and 
that  one  tweUQi  part  of  the  said  b^  pound  shall  be  an  onnce,  aiid  that  one  twmtleth 


put  of  each  oiince  diail  ht  a  psim7Tcight,'aDd  Hut  one  twenty-fouTth  part  of  mch 
pennprngjit  ahaR  be  a  grain ;  so  that  6760  taeh  greiitt  abaR  be  a  troy  pound,  and  that 
7000  muh  grunf  sdiall  be,  andthejaro  braebj  deekred  to  be,  a  ponnd  avoirdnpois,  aTid 
that  one  mxteenth  pait  of  the  aaid  pound  avoirdupois  shall  be  an  ounce  aroiidupois, 
and  that  oas  aizteentli  part  of  >ucb  ounce  eball^be  adroiD. 

"And  vhereae  it  is  expedient  that  Hie  Eaid  Etandard  tioy  pound,  if  lost,  destroyed, 
■le&ced,  or  otherwise  injured,  ehoold  be  nstorad  of  &e  asrae  weigbt  by  reierence  to 
ume  invariable  natural  gUndird ;  and  vbereas  it  has  been  ascert^ned  by  the  cota- 
ninimiers  aKwintedby  his  Majesty  to  inqnire  into  flie  subject  of  >fei^ts  and  meagutM, 
Chat  a  caUo  inch  of  distilled  water  weiglied  in  air  by  brass  weights  at  the  temperKtnre 
tt  62  degrees  of  Fahrenheit's  thermometer,  Ae  ban»aeteT  being  at  30  incbag,  is  equal 
to  2aS  grains,  and  466  thousandth  parts  of  a  grain,  of  wbicb,  as  aforesaid,  flte  Imperial 
Standud  Tray  Pound  oontaioe  6700 :  Se  it  therefore  enacted,  that  if  at  any  tdme 
htreaEtQ-  the  said  Imperial  Troy  Pound  shall  be  lost,  ca?  shall  In  any  manner  be 
dastoyad,  defaced,  or  othMwise  injored,  it  shaD  aikd  may  be  restored  by  making,  under 
the  diieoiaon  of  the  Lord  Hi^  Treasurer,  or  the  Commissioners  of  His  Majesty's 
Tieasary  of  the  United  Kingdom  of  Great  Britain  and  Ireland,  or  any  three  of  themtnr 
the  time  bnng,  a  new  standard  tioy  pound,  bearing  the  same  propor^on  to  tho  weight 
of  a  oaUo  inch  of  diatilled  water,  as  the  said  standard  pound  hereby  established  bears 
to  anidi  ciibio  ind  of  water." 

From  this  AxA  at  Parliament  it  appears  that  the  troy  pound  is  a  oertain  arbitrary 
pieca  of  Inass  idnob,  irelghed  io  air  at  a  temperature  of  62°  Fahrenheit,  the  mercury  in 
the  barometer  standing  at  a  height  of  80  inches,  is  equal  to  the  weight  of  22  cubic  inches, 
and  815  tiionsaiid  parts  of  a  oubio  inch  of  distilled  water.  Distilled  water  is  therefore 
the  natoral  standard  to  wMeh  the  unit  of  weight  is  ultimately  referred.  This  standard, 
luwevar,  is  referred  to  a  cubio  inch,  or  a  volume  of  mtter  an  inch  in  bright,  an  inch 
ia  famdth,  and  an  iooh  in  depth.    We  must,  therefore,  hare  some  standard  measure  of 

ndt  ol  XiMlgtli. — The  Act  of  Pailiamcnt  just  cited  has  also  determined  the 
standard  unit  of  the  measure  of  length.  By  die  first  section  of  that  act,  it  is  enacted 
— "  That  from  and  aiter  tiie  let  day  of  May,  1826,  the  straightUne,  or  distance  between 
Ihe  oentfes  of  the  two  points  in  the  gold  studs  in  the  straight  brass  rod,  now  in  the 
Bustody  of  Ae  elerk  of  (hu  House  of  Commons,  irfiGreon  the  words  and  figures, '  Stan- 
dard y^d  1760'  are  engraved,  shall  be,  and  the  same  is  hereby  declared  to  be,  the 
anginal  and  genuine  standard  of  that  Tneaaure  of  length  or  lineal  extension  called  a 
yard,  and  that  the  same  straif^t  lino  or  distance  between  the  centres  of  the  said  two 
plants  in  the  aaid  gold  studs  in  the  said  brass  rod,  the  brass  being  at  the  temperature 
of  62  degrees  by  Fahrenheifs  Ihennoaieter,  ^aU  bo  and  is  hereby  denominated  the 
'  Imperial  Standard  Yard,'  and  shall  be,  and  is  hereby  declared  to  be,  the  unit  or  only 
standard  measure  of  extension,  wherefioBi  or  whereby  all  other  measures  of  extension 
whatooeVBT,  whether  Ae  same  bo  lineal,  Bnperfieial,  or  solid,  shall  be  derived,  computed, 
or  ascertained ;  and  that  all  maasnres  of  length  shall  be  taken  in  parts  or  multiples,  or 
.  certain  proportions  of  the  iwd  standard  yard;  aaid  that  one  Ibird  part  of  the  said 
ataidard  yard  shall  be  a  foot,  and  the  twelfth  part  of  such  foot  shall  be  an  inch,  and 
thftt  die  pole  or  p^oh  in  length  shall'  contain  S  such  yards  and  a  half,  the  fMong  220 
inch  yards,  aad  the  mile  1760  vath  yards. 

"  And  whereas  the  said  standi  yard,  if  lost,  destroyed,  defiiced,  or  otherwise 
injured,  dumld  be  restored  of  the  same  length  \rj  relerenee  to  some  invariable  natiirdl 
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standard ;  and  whereM  it  lia  been  ucerUined,  bj  the  cimmunianeTB  appointed  by  bii 
Hajeaty  to  inquire  into  ths  subjeot  of  weight!  and  metuoiea,  that  the  aaid  jard  hereby 
dednred  to  be  the  In^ierial  Standard  Yard,  when  compared  with  a  peoduliuD  vitovting 
seconds  of  mean  time  in  the  latitade  of  London,  inaTacuum  at  thelerelof  the  sea,  is 
in  the  proportion  of  3S  to  Sg.inches,  and  1393  ten  thoiuutdths  part  of  an  inch  :  Be  it 
tberofore  enaoted  and  declared.  That  if  at  any  time  hereafter  the  said  imperial  slandaid 
yardahall  be  in  any  manner  destroyed,  defaced,  or  otherwiee  injured,  it  shall  and  may 
b»reatoFed  by  maldng,  under  &e  direction  of  tlie  Lord  High  TreHuer,  or  the  Con- 
miuionBrs  ot  His  Majesty's  Treasury  of  the  United  Kingdom  of  Great  Britain  and 
Ireland,  or  any  three  of  them,  for  Uie  time  being,  a  new  standard  jard  hearing  the  sajue 
proportion  to  snoh  pendulum  as  aforeaaid,  as  the  said  imperial  standard  yard  bean  to 
sQch  pendolum." 

Vnlt  oC  TlttM. — Time  is  the  ultimate  natural  standard  to  which '  all  mesvurcs  of 
length,  weight,  and  capacity  are  referred  in  thia  kingdom.  Time  certainly  is  one  of 
the  most  cotwenient  and  perhqn  the  only  natural  standard  to  which  we  can  have 
recourse  to  fix  with  scientific  accuracy  our  units  of  measurement.  The  Talne  of  time 
in  this  respect  depends  upon  the  bet  deduced  by  aatranomers,  from  obserratians 
collected  and  registered  for  many  centujiee,  that  the  mean  length  of  day  and  night  ii 
invariable ;  in  other  words,  that  the  earth  slwaya  completes  its  rotation  on  its  aiia  in 
the  same  period  of  time.  Thia  portion  of  timG  is  obtained  by  obserring  the  period 
which  elapses  between  the  passage  of  a  flied  star  over  a  certain  imaginary  line  in  the 
heavens,  called  the  meridian  of  the  place  of  observation,  and  its  next  appearance  on  this 
line,  and  is  called  a  aidereal  day.  The  sidereal  day  is  divided  into  twenty-four  hours, 
each  hour  into  sixty  minntea,  and  each  minute  injn  sixty  seconds,  A  dock  is  an  instni- 
mont  fcr  measuring  tiaie,  and  is  set  in  niotion  by  a  weight ;  ita  motion  is  regulated  by 
the  vibrationa  of  a  pendulum,  and  the  number  of  its  vibnitiaiis  are  registered  by  means 
of  a  seriee  of  wheels,  and  indicated  on  tie  graduated  &ce  of  the  dock  by  the  motion  of 
hands  or  pointers.  The  length  of  the  pendulum  is  so  regulated  that  its  time  of  vibia- 
tion  may  be  as  nearly  aa  pojgible  one  second,  and  these  vibrations  being  roistered  by 
the  clock,  if  the  clock  iadicates  that  21  hoars,  or  21  X  69  X  60,  or  86400  seconds  hare 
elapsed  between  one  transit  of  the  star  over  the  meridian  and  another,  the  clock  is  aaid 
to  be  correct,  and  will  aSbrd  us  an  accurate  meaaore  of  sidereal  time.  Sucha  clock  is 
called  a  sidereal  clock,  and  is  one  of  the  most  valuable  and  useful 
observatory.  Sidereal  time  is  not,  however,  the  time  used  fiir  the  ordinary 
of  life.  like  troe  solar  day  is  the  interval  yiiaek  elapies  between  one  ptiaageof  the 
sun  over  the  meridian  and  another,  as  shown  by  a  dial  or  other  means  of  astronomical 
observation ;  thig  day  is  not  inrariahlo  in  length,  but  changea  from  day  to  day,  being 
sometimes  longer  and  sometimes  shorter.  To  avoid  this  inconvenience,  a  mean  solar  day 
is  chosen  by  the  supposed  revolution  of  a  flctitiaus  sun,  which  shall  be  invariable  in 
length;  and  this  time  is  divided  into  21  houia,  and  these  hours  intti  minutes  and  seconds, 
as  in  the  case  of  the  sidereal  day.  This  mean  solar  day  is  the  timo  used  for  the  ordinary 
or  civil  reckoning  of  time.  What  is  called  &e  equation  of  time,  is  an  astronomical 
calculation,  which  ahowe  the  difference  between  the  time  shown  by  the  dial  or  the  true 
solar  time,  and  that  indicated  by  the  ordinary  clocks,  which  show  the  mean  acdai  or 
civU  measure  of  time.  The  sidereal  day  is  23  hours,  S6  minutes,  4  seconds,  and  9  hun- 
dredths of  a  second  of  a  mean  solar  day,  end  the  mean  solar  day  is  24  hours,  3  minnte^ 
66  seconds,  and  55  hundredth  parts  of  a  second  of  a  sdcreal  day.  The  pendulum 
vibrating  soconds,  frttm  which,  hy  Act  of  Parliament,  the  standard  measure  of  length, 
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if  lost,  u  ta  tie  o1ltam«d,  ia  to  be  a  pendulum,  vibrating  u  Becond  of  mean  eolar  tima 
under  (he  conditions  specified  in  the  act.  So  great,  however,  are  tiie  scientiflo  and 
mechanical  difflcnltiea  to  be  orercome  in  detenniniug  accurately  the  length  of  this 
aeoond'a  pendalum,  that  though  the  standard  yard  ttos  so  injured  by  the  Are  when  the 
houses  of  Parliament  were  burnt  down  in  1834,  and  tlie  standard  poond  troy  oltogetlieT 
lost,  no  attempt  has  been  made  to  teatore  the  lost  stimdarda.  The  last  scientific  com- 
mission seems  to  have  considered  the  attempt  to  do  so  altogethei  hopeless.  Fortonately, 
the  fioyal  Aabiinomical  Society  had  a  very  beautiful  scale  constructed  about  the  year 
1832,  and  three  feet  of  this  scale  were  compared  many  hundreds  of  times  widi  tbo 
Parliamentary  Btaadard,'and  thia  scale  must  now  be  considered  the  scientific  English 
standard,  and  the  best  evidence  of  the  parliiuoeatory  standard  which  exists.  There  is 
also  great  doubt  as  to  the  accuracy  of  Captain  Eater's  detenninatioa  of  the  length  of 
the  second's  pendulnmwhichiaadoptedby  the  Actof  Pailiamentj  so  that  if  tiie  standard 
were  to  be  restored  according  to  that  act,  it  woold  probably  differ  from  the  lost  standard 
(Bailey's  Iteport  on  a  Standard  Scale,  Astronom.  Sec.  Mem.,  vol.  ix.)  Two  Acta  of 
Parliament,  5  and  6  Wm.  IV.,  c.  63,  and  16  Vio.,  c.  29,  June,  1853,  have  been  enacted 
since  the  fire,  on  the  snbject  of  weights  and  measures  ;  but  neither  of  Oicm  notice  the 
loss  of  the  standards,  spiking  of  them  as  if  they  were  still  in  existence. 

TmKh  Stutdaadc— The  French  standiuds  are  derived  &om  actual  measure- 
ments of  the  earth's  surface.  From,  these  meaanrements  the  length  of  a  line  drawn 
from  the  pole  of  the  earth  to  the  equator  is  deduced.  The  ten-millionth  part  of  thia 
line  is  called  a  metre ;  and  thia  is  the  French  standard  of  length.  The  deca-metrc  ia 
10  metres,  the  hecto-metre  is  100  metres,  the  kilo-metre  1000  metres,  and  the  myrio- 
metre  is  10,000 ;  while  the  decl-metre  ia  the  10th  part  of  a  metre,  the  centi-metre  the 
100th  part  of  a  metre,  and  the  milli-metre  the  1000th  part  of  a  meti*— Greek  prefixes 
being  used  for  the  multiples  of  the  metre,  and  Latin  for  its  parts,  The  gramme,  which 
ia  the  standard  of  weight,  is  derived  from  the  standard  of  length,  and  ia  equal  to  the 
weight  of  a  cubic  centimetre  of  distilled  water,  weighed  at  the  freezing  poiat.  The 
some  prefixes  are  need  before  the  gramme,  which  are  added  to  the  metre  to  express  its 
multiplea  and  ports.  Thus  a.  Mlo-gramme  is  a  1000  grammes,  and  a  milli-gramme  the 
1000th  part  of  a  graomie. 

The  metre  is  equal  to  3-260899  English  feet,  and  the  kilo-gramme  is  equal  to 
3-204697  pounds  avoirdupois. 

fieaaiua  ukd  Teiulon.— When  a  material  body  ia  in  a  state  of  equilibrium 
under  the  influence  of  forces,  the  forces  applied  ta  the  body  may  either  have  a  tendency 
to  preas  the  particles  of  the  body  or  to  crush  it,  in  which  case  the  forces  are  called 
pceamuefl,  or  tiey  may  have  a  tendenoy  to  separate  the  particles  of  the  body  or  fear  it, 
in  which  case  the;  are  denominated  tenaiona.  A  weight  placed  on  a  body  exerts  a 
pressure  on  it.  Two  men  pulling  a  rope,  or  weights  suspended  froni  a  rope,  exert  a 
tension  on  the  n^  throughout  its  substance ;  and  if  one  part  of  the  rope  be  wester 
than  another,  and  the  weight  or  force  be  sufficiently  great,  (he  rope  will  break  or  be 
torn  ibunder  at  tiiat  pert.  The  tie-beama  of  a  roof,  which  prevent  the  weight  of  the 
roof  from  thrusting  the  walls  of  a  building  out  of  tiie  perpendicular,  are  under  tension, 
while  the  walls  support  the  pressure  of  the  roof.  It  is  of  great  Importance,  practically, 
to  diataagqiah  between  pressure  and  tension ;  for  some  substances  will  bear  a  large 
amount  of  pressors  without  injury,  but  will  be  torn  asunder  by  a  &r  less  amount 

FlexiUs  Coida.— In  therorelical  statics,  as  we  concfflve  our  solid  bodies  to  be 
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pofectlj  rigid,  eo  -we  conceive  the  stringH  wWcli  lupport  oor  weightl  to  be  pCTfectly 
flexible,  and  at  the  same  time  perfectly  ineitcnsible.  It  is  needlen  to  remaric  that  no 
aoob  Gorda  or  gtriogs  are  to  be  found  in  nature ;  but  theie  h^pothetJCBl  bodies  enable 
(u  to  direst  our  problems  of  many  diffioultieg,  and  to  arrive  at  condnsiona  which  may 
aftenrardi  be  used  in  practice  widi  great  accuracy,  wben  'experiment  haa  enabled  ub  to 
determine  (he  want  of  fieiibility  in  the  material  we  iiHe.  For  the  same  reason,  friction, 
01  the  resistance  which  surfiwies  not  perfecfly  smooth  oppose  to  the  motion  of  a  body 
over  them,  is  at  first  neglected  in  our  problems. 

AetiMt  >iid  Resotlaii.— It  is  an  axiom  of  statica— that  is,  it  is  a  self-erident 
troth,  or  one  which  admits  of  no  otlier  proof  than  uniyersai  eiperienoe— that  whatever 
force  one  rigid  body  exerts  upon  another  rigid  body,  the  latter  c^iposes  that  force  by  an 
equal  force,  which  is  called  its  reaction.  Thus  if  a 
beam  of  wood,  B,  standing  npright  on  a  Boor,  C, 
snpporta  on  one  of  its  extremities  a  601b.  wei^t, 
A,  the  Wfflght  A  will  exert  a  pressure  of  50  Ibe., 
acting  downwards,  on  the  beam,  and  the  beam  will 
convey  this  preBaure  to  the  floor.  Bat  the  rigidity 
of  the  bsam  opposes  'a  foioe  to  the  wdght  which 
prevents  the  weight  from  foiling,  or  crashing  the 
beam ;  and  thns  a  reaction  equal  to  60  Ibe.  is  exert«d 
npwards  by  the  beam  apon  the  weight.  Again,  the  beam  pressea  on  the  floor  with  its 
own'weight,'in  addition  to  that  of  the  60  lb.  weight ;  and  if  the  floor  be  atrflng  enou^, 
and  of  a  material  suSoiently  rigid  to  prevent  B  sinking  into^  it,  the  floor  will  enalain 
the  pressure  of  A  and  B,  whidi  acts  downwards  ;  but  it  will  re-aot  upwards  on  B  with 
a  force  equal  to  the  pressure  B  eierta  upon  it. 

E^tillibriiuu  of  K  MateiUl  PMrttela.— If  a  material  pariiole  be  acf^d  upon  by 
two  farces  which  are  equal  to  one  another,  but  acting  in  opposite  directions  in  the  same 
straight  line,  they  will  neutralise  one  another,  and  the  particle  will  be  at  rest.  Thia  is 
self-evident,  and  depends  upon  our  fundamental  idea  of  the  equality  of  femes.  Sop- 
posing,  however,  that  the  two  forces  do  not  act  on  the  particle  in  flie  same  straight 
line,  hut  in  the  direction  of  straight  lines  inclined  to  one  another  at  some  angle,  ia 
what  direction  must  a  force  be  applied  to  the  particle,  and  of  what  magnitude  must  it 
bs,  to  neutralise  tho  cffjct  of  these  two  forces,  both  in  the  case  where  the  two  forces 
are  equal,  and  also  wliere  they  are  unequal  ?  This  is  one  of  the  iHost  iBlportant,  and 
ndeod  the  fnndamental  proposition  of  statics.  Before  we  can  discover  it  we  must 
adopt  some  means  of  representing  forces  and  their  directions. 

fl«osietaieftl  K*pl«9Sntatloit  of  Foxces.— If  we  represent  the  material  point 
by  a  geometrimd  point  A,  we  may  draw  a  line,  A  P,  to 
represent  the  direction  in  which  a  foiree,  say  of  F  pounds,  is 
acting  on  the  particle,  and  A  Q  to  represent  the  direction  in 
which  a  force  of  Q  ponnds  i«  acting  on 
A  i  then  if  we  take  A  P,  P  inches  in 
length,  end  A  Q,  Q  inches  in  lei^th, 
the  lines  A  P  and  A  Q  will  represent  the  forces  P  and  Q  acting  on 
A,  both  in  magnitude  and  direction.  Thus  if  two  forces,  one  of 
i  lbs.  and  another  of  3  lbs.,  are  supposed  to  act  on  a  particle  atri^t 
angles,  or  perpendicular  to  one  n.uDther,  we  should  represent  thorn  by  the  lines  A  B,  ) 
inches  in  length,  and  A  C,  <t  inohes  in  length,  diawii  pErpcndiculBrly  to  oOs  another. 


wei^,  Anj  other  eonTemeDt  mcBSore,  such  ae  t)ia  eigMh  Ot  teiOi  of  an  Inch,  may  be 
used,  if  ve  keep  to  the  eame  scale  throughout.  It  is  usual  to  inffioato  the  direction  ia 
whieh  ths  fbroe  acta  by  the  addition  of  ta  arrow-head  to  the  line  which  representE  it. 
If  two  forces,  P  and  Q,  iepre«ented  in  magnitude  and  Erection  by 
.  the  liDw  A.  P  and  A  Q,  act  'npon  the  point  A,  BO  as  to 
oaa«e  it  to  move,  it  most  begin  to  move  in  some  ^lec- 
tion.  Let  A  K  repirsent  that  direction.  Noir  ire  can 
CoDodTe  that  aome  force,  8,  could  be  applied  to  A  in  tbo 
oppoaite  direction  to  A  R,  in  which.  A  would  begin  to 
jnoie,  which  would  stop  its  motion  and  keep  it  at  rest. 
Let  AB  repiesent  thia  ferae  in  magnitade  and  direction. 
Then  the  particle  A  would  be  kept  at  rest  by  the  three 
fbrees,  P,  0,  and  S,  actii^  in  the  directiana  AP,  A  Q, 
^  and  AS.  I^  now,  the  .line  5  A  be  produced  to  B,  and 
>e  taken  equal  to  A  S,  A  R  will  represent  in  magnitude  and  direction  a  tmee,  S, 
equal  to  S,  which,  if  P  and  Q  were  removed,  would  coiint«T«ct  the  effect  of  the  force 
represented  by  AS  on  A.  AE,  therefore,  represents  'in  magnitude  and  direction  a 
force  which  would  have  the  same  effect  on  A,  when  it  acted  npon  it  by  itself,  &at  the 
foroes  represmited  by  A  F  and  A  Q  would  have  if  they  both  acted  oi 

The  force  B,  represented  by  A  R,  is  called  the  rmaUant  of  the  forces  P  and  Q, 
FCfiresented  by  A  P  and  A  Q, ;  and  P  and  Q  are  called  the  amipimtaU  of  B. 

Thus,  fbr  example,  if  three  perfectly  smooth  pegs,  B,  C,  and  D,  be  inserted  ii 
board  standing  in  a  vertical  position,  and  three  strings 
bo  attached  to  a  point,  or  simply  knotted  together  at  A, 
and  weights  of  2  lb.,  31b.,  anil  41b.  fixed  to  their  ex- 
n  the  figure,  the  weights  wiH  balanoa  each 
otbsr ;  and,  neglecting  the  friction  on  the  pegs  B,  C, 
and  D,  and  auppoaing  the  strings  perfectly  fleEible,  the 
whole  will  come  to  rest  in  the  position  reprpaented  by 
Che  diagiam.    The  point  or  knot  A  will  be  kept  at  rest 
by  the  tensions  of  the  weights— that  is,  by  a  force  of 
"bs.  acting  in  the  direction  of  A  B,  3  lira,  m  the  diroc- 
■n  of  A  D,  and  4  lbs.  in  that  of  A  C.    Let  another  peg, 
E,  he  inserted  in  the  board,  somewhere  in  the  straight 
line  C  A  produced,  attach  another  atring  to  A,  and  pass 
iver  A  E,  with  a  weight  of  1  lbs.  at  its  other  eitremlty, 
«  being  taten  to  support  this  latter  weight  so  as  not  to 
DwittoaotonAtillwe  require  it.   If,  now,  the  weights   ; 
of  31b.  and  3  lb.  be  supported  BO  aa  to  toko  off  their  tc 
&oni  A  at  the  aame  inatant  that  the  second  4  lb.  weight  is  allowei 
an  A  in  the  direction  A  E,  the  equiiibrium  of  the  point  A  will  not 
the  tenaicm  of  1  lbs.  acting  in  the  direction  A  E  will  exactly  balance 
tlb.  acting  in  the  direction  AG.    The  tension  of  4  lb. 
duces,  therefore,  the  aame  effect  on  the  point  A  that  tl 
n  A  B,  and  of  2  lb.  ii 


0  eiert  its  tensio 
be  diaturbed,  sine 
lie  tension  of  tho 
n  the  direction  A  E  [ 
s  joint  tensions  of  3  lb.  acting 
1  the  direction  A  D,  both  together  have  upon  i( 
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PEOPOSITION  I. 

FantUelocn^  «t  Toieaa. — The  proposition  whioli  enables  tu  to  represent  the 

TesulUnt  of  any  tro  fbicea  which  tct  upon  a  msteri*!  particle  in  magnitude  and  dirac- 

a,  when  the  magnitude  and  direction  of  the  two  fiirces  are  giiTen,  a  called  t^e  pnnJ- 

lelogram  of  forces,  and  is  aa  fbllowB : — 

Let  P  and  Q  be  two  fbroea  acting  upon  matcnal  point  A. 

Let  the  line  AS  repiesent  the  force  P  in  magnitude  and 

diieBtion,  and  AG  the  fbrce  Q  in  magnitude  and  direction. 

Through  B  draw  BD  patallel  to  AC  and  throngh  C,  CD 

psraOeltoAS. 

Let  D  be  the  point  where  tiie  lines  BD  and  CD  meet 
Then  by  conatmction  the  figure  ABDC  ia  a  parallelogram. 
Join  AD,  AD  ia  the  diagoiul  of  the  parallelogram. 

Thi*  diagonal  AD  will  represent  the  resultant  R  of  the  two  forces  P  and  Q  acting  in 
die  direction*  AB  and  AC,  in  magnitude  and  direction. 

The  parallelogram  of  forces  may  tiiereiore  be  thus  enunciated.  If  tiee/orett  acting 
l^m  a  malerial  pariiele  i«  reprmnted  in  tnagniiude  and  dirtelim  by  laa  a^aeent  tidtt  of  a 
panililapvni,  the  iiaganal  of  the  paralitiograa,  drama  through  tht  point  wkirt  thete  tidt4 
loill  rtpramt  their  raultant  both  in  megHitudt  and  direction. 
'e  shall  Gnt  show  that  this  proposition  ii  true  for  the  dirtctim  of  Uie  resaltmt, 
and  then  that  it  is  also  true  for  ita  magnitude. 

Ist.  To  prove  Hat  the  parallelt^nan  of  fciroea  ia  true  for  the  Section  of  Ae  k 
sultant. 

When  the  forces  P  and  Q  ere  equal,  the  direction  of  the  K 

gultant  will  manifestij  Insect  the  an|J«  BAG,  since  no  reason  ca 

be  alleged  why  the  resultant  force  K  should  iadine  more  to  on 

force,  P,  than  to  the  otier,  Q.     Since  ABCD  is  a  parallelogram 

whose  sides  AC  and  AB  are  equal,  its  diagonal,  AD,  will  bisect 

the  angle  BAO,  and  tiierefore  AD  will  rcpreaent  the  direetum  ot 

»t  when  P  and  Q  are  equal. 

Lot  us  now  assume  the  proposition  to  be  true  for  two  unequal  fbrces  P  and  Q,  and 

also  for  two  unequal  forces  P  and  S,  we 

can  then  prove  that  it  will  be  true  for  the 

forces  P  and  Q  -)-  6. 

Draw  a  parallelogiam  ABDC,  having 
ae  u Jc  A  B  proportional  to  tbe  force  P  and 
the  adjacent  side  AC  to  that  of  Q,  produce 
AC  to  E  and  make  C£  in  the  same  propor- 
tion to  8  that  tlie  oilier  lines  bear  to  P  and  Q.     Complete  the  paraUetogram  E  D. 

According  to  onr  assumption  the  resultant  of  P  and  Q  will  act  in  the  direction  AD, 
and  that  of  F  and  S  in  the  direction  CF.    Now  if  all  the  poinbi  in  the  two  panOlelo- 
grams  be  supposed  to  be  rigidly  connected  with 
fO.*^  >  one  another,  a  force  may  bo  transferred  from 

any  point  to  another,  provided  the  latter  be  i: 
tlie  same  strai^t  line  in  which  the  fbtce  is 
acting,  without  disturbing  the  equilibrium. 

Hence  the  fbrce  S  acting  at  0  may  be 
transferred  to  A,  and  wc  shall  then  have  a 
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(brm  Q  -^  B  soting  on  A  in  the  diiection  A  C,  a  force  F  octmg  on  A  in  the  direction  A  B, 
and  a  force  P  acting  on  C  in  (lu  directioii  C  D. 

If  the  pnipoEitdon  be  true  for  P  and  Q-f  8  their  reaultimt  irill  act  in  the  direction 
A  F,  and  these  farces  may  be  transferred  from  A  to  F.  What  we  have  Uierefilre  to  ahoir 
is,  that  the  fbrccs  P  and  Q  acting  at  A,  and  P  and  S  acting  at  C,  may  be  ao  tranafeired,  bj 
the  principlo  of  transmjnion  of  force,  without  altering  the  conditions  of  equiUbrinia 
that  we  niBj  have  (he  forces  Q  +  S  and  P  acting  at  F  and  P  at  C. 


F  and  Q  acting  at  A  nay  be  replaced  by  their  resultant  B 
acdng  ia  the  diagonal  A  D  of  the  patanelogram  C  B,  and  the  forces  P  end  S  by  tlieir 
t««ult&nt  T  acting  in  Ibe  diagonal  C  F  of 
tbe  paraUelogram  £  D. 

'Sow,  according  to  the  principle  of  the 
o!  force,  the  force  R  may  be 
from  A  to  D  in  the  direction 
A  D,  and  the  force  T  from  C  to  F  in  tiie 
directioD  C  F,  as  repreeented  in  the  accom- 
panying diagTBJn. 

Upon  the  same  principle  tliat  we  re- 
jdaced  the  fbrces  by  Iheir  resultants  we  may  replace  these  resultants,  again  by  tbe 
fi»«ea  fhnn  which  they  were  obtained;  and 
we  ihall  then  have  S,  replaced  by  the  fbrce  P 
acting  in  the  direction  of  C  D  produced  and 
Q  in  that  of  D  F,  and  T  replaced  by  P 
acting  in  E  F  produced,  and  S  acting  in 
D  F  pioduoed. ; 

Lastly,  the  force  Q  may  be  tmnaferred 
from  D  to  F  in  the  direction  of  D  F  produced, 
and  the  force  P  from  D  ta  C  in  the  direction 
CD;  so  that  we  ultimately  have  the  forces  Q  +  S  and  P  acting  at  F,  and  P  at  C, 
wiUiout  having  altered  the 
oenditians  of  equilibrium  of 
any  of  the  points  of  tiieparal- 
lek^rame.  Hence,  if  our  pro- 
position be  true  for  two  finees 
P  and  Q,  and  also  for  P  and  8,  ^ 

astegsrds  the  tUnstim  oflhe  ^^^ 
resultant,  it  is  also  true  for  tbe 
fonea  P  and  Q  -f  S. 

Now,  we  have  shown  that  it  is  true  fbr  two  equal  forces,  hence  it  is  true  for  P  andP, 
aDdalsofor  P  and  P,  it  must  therefore  be  true  for  P  and  P+P,  or  for  P  and  2  P.  Being 
true  for  F  and  2  P,  and  also  for  F  and  P,  it  is  true  for  P  and  P  +  2  P,  or  for  P  and  3  P,  and 
so  on ;  it  may  be  shown  to  bo  true  for  P  and  tnP,  where  n  represents  any  whole  number. 
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Bj  umilai  ivasoiiing  Uke  prapoutioii  ma;  be  extended  to  the  fonjea  nP  taA  nP, 
There  m  and  «  represeuts  any  whole  numbtrs  whaterec. 

Hence  tlie  prquBilimi  ia  true,  as  to  the  directvM  of  the  reaalt,  for  any  two  farces 
which  are  conuDeanmble ;  or  in  other  words,  for  Boy  two  fiirees  which  have  a  oomnioii 

The  propoution  can  be  extended  to  the 
which  hare  no  commmi  meoBare. 

Let  the  lines  A  B  and  A  C  repiesent  two 
inconunensurable  foroee,  in  magnitude  and 
direction,  of  which  A  C  is  the  gre&ter.  Com- 
plete the  paraUelogTsm  A  B  D  C,  by  drawing 
B  D  panUcl  to  A  C,  and  C  D  paiaUel  to  A  B. 
If  tile  resultant  does  not  act  in  the  direction 
of  the  diogooal  A  D  of  the  paiallelo^am 
A.  B  D  C,  let  A  G  represent  the  direction  In  which  it  does  act. 

Divide  the  line  A  C  in  two  equal  parts  in  the  point  F ;  similarly  divide  F  C  in  two 
equal  parts  in  G,  and  G  C  in  H ;  continue  this  subdivision  until  m  part,  BuchMHC,j« 
obtained,  which  is  less  than  S  £. 

A  G  may,  thcroftne,  be  divided  into  a  nQnibei  of  eqiul  puis,  each  of  which  an 
equal  to  H  C. 

Set  off  distances  each  equal  to  H  C  along  (he  line  C  D,  commeneing  from  the  paint  0 ; 
then  one  of  these  divieions,  such  as  K,  must  fall  between  E  and  D,  since  AC  and  CD 
hare  no  common  measure,  and  H  C  is  lew  than  E  D, 
From  A  B  cut  off  A  L  =  C  K,  and  join  K  L  and  A  K. 

A  C  and  A  L  wiE  therefore  have  a  cammoQ  measure  H  C,  and  will  eonseqneutl; 
representtwo  commensurable  Ibrcesi  and  AK,  the  diagonal  of  thcpataUelogram  ALKC, 
will,  by  what  we  have  previously  proved,  represent  the  directiou  of  theii  resultant. 
The  resultant  A  K,  tliereforB,  of  the  foreas  A  L  and  A  C,  is  further  &om  AC  than  A  E, 
the  resultant  of  the  forces  AC  and  AB;  but  this  cannot  bo  true,  since  AB,  being 
greater  than  AL,  AE  ou^t  tobe  furtherfeom  AC,  or  nearer  to  A  B  than  A  K.  Con- 
sequently, the  supposition  that  the  resaltant  of  A  C  and  A  B  acta  in  the  direction  of  the 
line  A  E,  leads  to  i^  absurdity  \  and  similarly  it  may  be  shown,  that  if  it  be  supposed 
.  any  other  direction  iJian  the  line  A  D,  the  diagonal  of  the  parallelogram  A  B  D  C, 
'  1  to  a  like  absurd  conclusion. 
Hence  we  io&r,  tliat  if  two  tiroes,  acting  <m  a  point,  whefher  conutensarablB  or 
incommensurable,  be  represent«d  in  magnitude  and  direction  by  two  a^aMnt  sidea  of  a 
paraUelogram,  the  diagonal  of  tbe  parolMognun  will  repreaenl 
tlie  dirtction  in  which  Hie  resultant  of  these  forces  will  ut; 
We  have  next  to  show,  that  this  diag^mol  will  also 
the  magnitude  as  well  as  the  direelim  of  the  resoltant. 
Let  A  B,  one  side  of  tbe  paialldogram  A  B  C  D, 
a  force  P,  in  magaitudo  and  direction,  and  1Ji«  side  AC, 
tber  force  Q,  in  magnitude  and  direction,  theae  two  fonses  both 
acting  on  Iho  point  A. 

Let  B  lepreeent  tiie  ftirce  which  is  the'resultant  of  the 
forces  V  and  Q ;  this  force  will  act,  aocording  to  what  we  have 
already  proved,  in  the  direction  A  D,]  A  D  being  tbe  diagcmal  of  Ihs  paralldograia 
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Produce  AOiaJX,  and  take  A  D'  in  Uie  same  prrawrtion  (o  B  that  A  C  bears  to 
Q,otABtoP. 

Drav  B'  C  parallel  to  A  B,  and  B  C  parallel  to  A  D',  meeting  in  C,  and  join  A  C, 
A  B  C  D'  will  ba  a  pirallelt^Tam,  A  C  ita  diagonal,  and  B  C  will  be  :=:  A I^ . 

Since  B  is  tbe  leeultant  of  the  forces  P  and  Q,  a  force  B  actoig  on  A  in  the  direction 
I D',  ia  the  same  straight  line,  but  in  the  opposite  direction  to  that  in  which  the 
wnltant  of  P  sod  Q  aat«,  will  keep  the  point  A  at  real,  when  acted  on  by  the  foccea 
FandQ. 

Eence  the  fbrcea  F  Q,  and  R,  lepresented  in  magnitude  and  dii«ction  by  A  B,  A  C 
and  A  D'  aeting  on  A,  will  keep  it  at  rest. 

Any  one  of  these  three  forces  will  be  oqual  in  magnitude  to  the  resultant  of  the 
ther  two,  but  it  will  act  in  aa  opposite  direction  to  it  in  the  same  ebaight  line. 

Now  AC,  the  diagonal  of  the  paralielogcam  A  D'  C  B  is  the  direction  in  which  the 
rtaultant  of  His  forces  R  and  P  represented  by  A  D'  and  A  B  acta.  Therefore  A  C  and 
~  most  be  in  the  eame  strai^t  line,  and  since  A  C  is  paiallel  to  B  D,  A  C  will  also 
be  parallel  to  B  D,  and  since  B  C  was  drawn  parallel  toAD,  ACBDn 
parallelogram,  and  B  C  will  ^  A  D. 

Bat  B  C  =  A  D'.    Therefore  A  D  =  A  D',  and  since  A  D'  represents  B 
nitudl,  A  D  will  represent  B  both'  in  magnitade  and  direction. 

We  are  indebted  to  M.  Daohijla,  a  Frsnelt  mathemoticiaii,  far  dua  TCry  limple  and 
beantiAil  demonstntion  of  the  puallek^tam  of  forces.  It  may  be  proved  \rj  other 
methods,  but  they  eiUiar  require  a  knowledge  of  the  high^  branijieB  of  mathematical 
•aalyi^,  orebeaasmie  thepriac^ilMof  Bynaniiea. 

Some  writers  first  demonstrate  the  pn^rarties  of  the  lerw,  and  finm  these  dedaee  Ae 
parallelogTani  of  forces. 

PEOPosirioN  n. 

Tojlnd  tie  Sesultaatof  any  numier  ofFoMia  acltiig  en  a  Material  Toinl  in  the  lame  Plam. 

Let  Pi  P,  Pj  and  P„  four  forces  acdng  on  a  point 
A  in  the  nme  plane,  be  tepresented  in  maffmltide  and 
dinciion  by  the  lines  A  P„  A  Pj,  A  P,  and  A  P,.  '^^-- 

Disw   P,  B,  parafiel  ta  A  P„  and  F,  B,  parallel  to  /    '^s 

A  P|,  meeting  in  R, ;  jtan  A  B,.   Then  A  B,  Oie  diagonal  / 

of  the  ^mUdogrant  AP,  &iP,wiU  by  Prop.  I.  represent         ' 
the  reaultant  of  the  forces  Pg  and  P,  acting  on  A  in  the        /      _^--' 
diMCtJona  A  P,  and  A  P,.  Ri*^,, 

Let  R,  be  this  force.     Then  R,  alone  acting  on  A  in  ~"~^ —^ 

the  direction  A  B,  will  produce  on  A  the  same  effect  aa 

the  two  forces  Pj  and  Pj  acting  together,  in  lie  directions  A  P,  and  A  Pj. 

Consequently  the  two  forces'  Pj  and  P,  acting  on  A  in  the  directions  A  P|  and  A  Pi 
may  be  replaced  by  a  single  force  E,  acting  in  the  direction  A  B,. 

Again,  draw  R|  Rj  parallel  to  A  P,  and  Pj  Bj  parallel  to  A  R,  meeting  ii 
i.'B^     Thm  by  Prop.  I.  a  force  Hj  rfipreacntcd  in  magnitude  and  direction  by  A B,  the 
diagonal  of  the  parallelogram  A  B,  B,  P„  will  bare  the  same  efi^t  o:    ' 
&rcea  K,  and  F,  acting  ia  the  direction  A  R,  and  AT,. 

But  R,  aeting  on  A  in  the  directions  A  K,  produces  on  A  the  same  efifeet  as  P,*and  P, 
acting  in  the  directions  A  F,  and  A  Pj. 
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Hence  the  fO[«e  It,  actmg  on  A  in  the  directioii  A  B,  prodoces  the  saiue  effect  as  the 
threo  forces  P,  P,  and  F,  acting  in  the  ditections  A  F^  A  F,  and  A  F,. 

L»t]y,  daw  P.  E,  parallel  to  AB,  and  B,  R,  parallel  to  A  P„  meeting  in  R^.  Join 
A  K,.  Then  b;  Prop.  I.  a  force  R„  represented  in  ma^tade  and  direction  b;  A  B„ 
will  hare  the  same  effect  on  A  as  the  two  forces  Bi  and  P,  hare,  aetii^  in  the  direc- 
tions A  R,  and  AP.. 

Bat  R,,  actii^  on  A  in  direction  A  R,,  prodncea  the  same  eS^  as  P,P,  and  P,  Acting 
in  the  directions  A  P„  A  F„  and  A  P,. 

ConacquenUj  a  force  R,,  acting  in  the  direction  A  B^  prodaces  on  A  the  aame  effi^  as 
the  ibnrforceaPl.FftP.andP,  aotinginthedireetiooBAPi.APi,  AP,  and  AP,;  or,  in 
other  words,  A  B,  rcpreacnla  tbe  resnltant  of  these  forces  in  magnitvdt  and  daicUen. 

The  same  method  maj  he  extended  to  any  number  of  forces,  and  afFbrda  an  eesj 
geometiical  constmction  for  finding  die  ungle  resnltant  of  aaj  number  of  forces  acting 
upon  a  material  partide. 

PB0P08ITI0N  riL 

-BMofufion  of  Forett. 

By  means  of  the  parallelogtam  of  forces  we  can  gsneraUf  replace  a  single  foroe  b; 
two  others  acting  in  any  directions  we  please  in  the  some  plane  ;  tiiis  is  called  rtMbmg 
a  force,  and  the  forcca  by  which  it  is  replaced  are  termed  its  raelved  paits. 

Thus  if  a  force  F,  acting  on  a  point  A,  be  represented  in  magnitnde  and  direction  by 
the  straight  line  A  P ;  and  A  B,  A  C  drawn  e 

throng  A  be  the   arbitrary  directions  in  / 

which  we  wish  to  reaolTe  the  fbrce  P.  / 

Through  P  draw  P  D  parallel  to  A  0  / 

meeting  A  B  in  D,  and  also  P  E  parallel  to  t- ^' 

A  D  meeting  A  C  in  £.  /  ^V 

Then,byProp.I.,AEandADwillrcprc-  ./  >y^      /' 

sent  two  forces  in  magnitude  acting  in  the   _b f^i _ZS(i 

directions  A  C  and  AB,  which  produce  on  A 

the  same  effect  as  the  simple  foree  P  acting  in  the  direction  A  P,  and  therefore  may 

replace  that  tone  without  altering  the  conditians  of  equilibrium. 

A  E  represents  the  ntalved  part  of  P  along  A  C,  and  A  B  its  motvid  part  in  the 
direction  A  B. 

In  reacdring  forces,  it  is  generally  found  more  convenieat  to  choose  the  direction 
A  C  perpendicDlai  to  A  B. 


PEOPoamoN  IV. 

Triafiglt  of  Farcei. 
IS  a  material  point  be  kept  in  equilibrium  by  the  action  of  three  forces  acting 
iqHUi  it,  in  the  same  plane,  the  sides  of  any  triangle  drawn  parallel  to  tie  directions 
ot  these  three  forces  will  be  proportional  to  them ;  and  conversely,  three  forces,  acting 
on  a  material  particle,  will  keep  it  at  rest,  if  these  forcea  be  proportional  to  the  sides 
of  a  triangle  fonned  by  drawing  lines  parallel  t«  their  directions. 
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Let  F  and  Q,  tiro  forces  acting  on  A,  be  lepmeatei.  in  mognitads  and  direotion  b;  tl: 
lines  AP  and  A.  Q. 

Tbrou^  P  drair  F  B  parallel  to'A  Q,  and 
throng^  Q,  QB  parallel  to  AP  meeting  in  B; 
join  AB. 

Frodooe  AB  to  B,  and  make  A  B  equal  to 
AB. 

Hien,  Vnyp.  I.,  a  force  It  acting  on  A,'i«- 
presented  in  magnitude  and  direotion  by  A  K, 
will  counteract  the  foroea  P  and  Q  acting  in  the 
diiectionB  A  F  and  A  Q. 

And  A  will  be  kept  in  equiHlniuta  by  the 
action  of  the  three  forces  P,  Q,  and  E  acting  in 
the  direciiona  A  P,  A  Q,  and  A  R. 

Take  any  point  £;  through  E  dnnr  ED 
parallel  to  A  P,  and  £  F  paraUel  to  A  B. 

luEDtahe  any  point  D,  and.  through  O  draw  DF  parallel  to  A  Q,ineetingEF  in  F. 

Then  by  construction  the  triangle  ED  F  will  be  equiangular  to  the  trianglee  APB 
or  AQB. 

And,hyEnc.  B.¥I.,Prop.  i,ED:EF:PD::  AP:  ABrBF 

:;      P:       E:     Q 
PE0P08ITI0N  V. 
It)l!fffon  of  Rreu. 

If  a  particle  he'acledonby  any  number  of  forces  which  are  t«pTe»eQted  ia  magni- 
tuda,  or  arc  proportional  to  the  sides  of  a  polygon,  it  will  be  at  rest,  prorided  «ach 
force  act«  in  a  direction  parallel  to  the  side  of  the  polygon  to  which  it  is  propoitiotial. 

Let  ABODE  F  ha  a  polygon,  whose  |ude,  AB,  is  proportional  to  the  force  P„ 
B  C  to  Pa  C  D  to  P„  D  IE  >  P„  E  F  to  P„  and 
P  A  to  P.. 

Join  A  C,  A  D,  and  A  E. 

Let  A  C  =  El,  A  D  =  E»'and  A  E  =  E,. 

Then,  hy  Pn^.  IV.,  B,  will  rqiresent  the  reinltaut  ^ 
of  the  forces  P|  alid  P,  in  magnitude. 

E,  the  wsoltant  rf  E,  and  P„  or  of  P„  P„  and  P,.  ^  lU--'" 

And  E,  the  resultant  of  Ej  and  P„  or  of  P„  P„  Pj,  ^        -' 

and  P.. 

But,  hy  Prop.  IV.,  unoa  B„  P„  and  P,  are  sides  of  tie  triangU  AE  P,  E,  will 
the  resultant  of  P,  and  P,. 

Hence  Ft  and  P.  will  counteract  the  effect  of  the  fon^  F„  V„  P^  and  F„  provided 
the  conditions  of  Prop.  IV.  be  folflllad ;  i.  e.,  provided  these  forces  act  upon  a  particle 
ID  directions  parallel  to  the  sides  of  the  polygon. 

Since,  in  Prop.  lY.,  any  side  of  the  triangle  maybe  considered  as  the  resultant  of  the 
other  two,  P,  may  be  regarded  as  the  resultant  of  E,  and  P„  or  of  F„  F„  P„  P„  and  P., 
Any  one  dde,  therefore,  of  the  polygon  may  be  takenOB  the  resultant  of  all  the  othen. 

In  the  same  manner  the  proposition  may  be  extended  to  a  polygon  of  seven,  eight, 


The  polygon  of  forces  need  not  have  all  ita  udes  in  the  sa 
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PHOFOSmOH  VI. 
FanUikpiptd  of  FarttM. 
If  Uiree  foices,  vbow  directions  u«  not  in  tiis  Bams  plane,  ict  upon  ■.pout,  tmd  if 
liiBj  be  represented  in  magnitude  and  diivdjon  by  tlire«  adjacent  edgea  of  a  pttalldo- 
piped,  wbicb  meet  in  the  point  on  wbich  tbe  faxoa  act,  the  ruultont  of  tke  tcaeaa  vill 
be  represented  in  mognitode  and  directioa  by  tbe  diagonal  drawn  from  Ibis  point  to 
tlie  o^^ionte  mM  angle  of  tbe  poiallelopiped. 

Lcit  A  be  the  point,  acted  on  bj  Uirw  fonsea,  repre- 
gented  in  magnitude  wid  direction  bf  A  P,  AQjUidAB, 
rtucb  are  not  in  the  same  plane. 
Thco,  Sue,  B.  xi.I^.  S,AQand  A  F,  are  in  the  same 
plane ;  complete  the  parallelegrsm  P  A  Q  B  in  this  plana, 
b;  drawing  PB  parallel  to  AQ,  ana  Q  B  poralle]  toAF. 
Similaily  in  tbe  plane  in  wbicb  A  K  [and  A  Q  lie 
GonqJele  tbe  parallelogram  A  B  C  Q. 

And  in  tlie  plane  in  whisb  A  B  and  A  F  lie,  complete  Hie  pai;aUelop'am  A  K  D  P. 
Also  complete  tbe  paraSelogmins  Q  C  B  S  in  tbe  plans  Q  C  S,  and  the  psirJklogram 
F  B  S  D  in  the  plane  D  P  B. 

We  shall  then  bme  constnicted  a  panMop^ed,  three  of  lAose  at^aoant  edges 
letting  at  A  are  A  P,  A  Q,  and  A  B, 

Join  A  B,  AS,  amlKS,  AB  will  be  the  diagoiisl  of  tbe  parallelagram  APBQ, 
and  A  S  the  diagonal  of  the  psralielogrBin  A  B  S  B. 

Hence  A  B  will  represent  the  resultant  of  tbe  forces  represented  by  A  F  and  A  Q  in 
magnitude  and  direction. 

And  A  S  the  resultant  of  the  farces  represented  by  A  B  and  A  £. 
Therefore  A  8  represeDts  the|  leenltont*  of  tbe  fiu^xs  rqiraMntcd  by  AB,  AF,  and 
A.  Q,  in  magnitude  and  direction. 

By  tile  aid  of  this  proposition,  any  single  fbrce  acting  on  a  psztide  may  be  reaolved 
into  diree  otiier  fbrces  not  acting  in  the  same  plane.  When  a  force  is  so  resolved,  tl  ii 
generally  fbund  convenient  ia  resolve  it  into  three  forces  acting  at  right  angles  or  per- 
pendicolady  to  one  another. 

FEOPOSiriON  Tn. 

CendUian  of  tqait&num  ttilim  a  maUridl  partkU  ii  atUd  at  iy  any  tumilr  qffireu  uluie 
dinctioni  artaHmlif  terns  tfraig/U  Sae. 

Tbe  condition  of  equilibrium  in  this  case  must  evidently  be,  that  the  sum  of  all  die 
fbra»  acting  on  the  particle  in  one  directdoa  nnurt  be  e^niil  to  tiie  snm  of  all  the  forces 
acting  in  tbe  opposite  direction. 

It  is  usual  to  consider  the  fbrces  acting  in  one  direction  as  pomtiye,  and  those  in  the 
appoaite  «s  negative.  The  craiditian  of  equihlirinni,  then,  niay  be  Urns  stated :— the 
algebraical  sum  of  all  tbe  fbrces  is  zero,  or  nothing. 

~     I,  if  A  be  acted  on  by  the       ^  f        r  t  U  -.  ■■ 

pevti-re  fiaoea,  41bs.,  31b».,  and    +2S        wS"^3E       X.  ZfS      Z33Sr 

Slbi.,  in  one  direetioii,  and  the  n^atire  forces,   61b«.,   Elbe,,   and   lib.,   in  tbe 

-6-6-1=:  12-12  =  0; 
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i  OF  ITS  COHPOKENTB. 


PEOPosmoN  vin. 

farttt  act  an  IhiipomI  in  any  dirtetiam  wiatmr  iK  th»  mm*  fiaiit  iit  uliUh  Ihtt  liita 
mi drtHOn,  thnt'tht  olgAraieal tim  1^ lie rativd partt  of  th»  UMfareK  in  tha  lUne- 
timofeathqfthtSmtiwiUittqualtolUrmohaipmt  »f-  titir  rttUtaM  m  li<  n 


Let  A«aiid  Aybe  thegtniglit  lines  drairn  uuongh  tli*  pamt  A  parpULdiMdu  fa 
oe  another. 
liaea  ao  drawn  are  called  rectmffulm-  tatit. 
I«t  two  forces,  P  and  Q,  Acting  on  A,  be  repre~ 
rated  in  magnitude  and  dii«ctiou  bj  A  F  and  A  Q. 
Draw  P  R  paraUel  (oAQ,andQBtoAP,  meet- 
ing in  E,  and  joia  A  B. 

Tkao,  Pnp.  I.,  A  £=  B  mptesaili  the  reaoltant 
of  F  and  Q  in  magmtitde  and  dirsctkin. 

Throngh  the  poinlB  P,  0,  and  B,  dnrir  P  X„  Q  X„ 
and  &  Xn  perpraidleulaT  to  A  ic,  and  tluoa^  the  taia 
poinlBPY,,  QY.  sndBY„  pecpoidieulai  to  Ay. 

B^Pn^.  III.,  AX,  and  AY,  will  he  the  regolred  parts  of  the  force  Pin  the  direc- 
tions Aland  Ay. 

Similarir,  AX,andAT,wiIl  be  the  rMolved  pnta  of  Q;  and  AS,andAY,t 
rewdTed  parts  of  B  in  the  sune  diiectianB. 

LetAX,  =  XuAS,  =  X„AX,  =  X„AY,=:Y„AY,=aY.BndAY,  =  Yr 
Prod-ace  the  line  T,  Q  to  meet  the  line  B  X,  in  the  point  B. 

Since  AFBQiaBpitrallelagram,AF:=QB;  and  also  because BQ is  parallel  to 
A^  aiidAPto&Q,thean^BQ6=:imglePAX,. 

But  the  anglw  B  B  Q  and  F  X,  A  are  light  angles  bj  construction. 
Hence,  the  triangles  BQB  and  PAX,  have  the  side  A  P  =  BQ,  and  the  angles 
PAX,  =  KQB,andPX,A  =  B(lB. 

Thra^fore,  Euc  B.  I.,  Prop.  26.,  AX,  =  BQ,  aodPX,  =  BB. 
AodX,  +  X,=AX,-|-AX,  =  Ba-(-AX,  =  S,X,-i-AX,  =  AX,  =  X,. 
Since  B  Q  =:  X,  X,,  became  hj  construction  of  figure  B  Q  X,  X)  is  a  panUdogram. 
And  again,  Y, -|- Y,  =  A  Y,  +  A  Y,  =  PX,-(- BX,  =  BB -f-BX,=  BS,= 
lT,  =  T,. 

Since  A  Y,  =  P  Xu  A  Y,  =  B  S„-wid  E  X,  =  a;T„  because  A  S,  P  T„  A  S,  B  Y„ 
and  A  X,  R  "Y^  are  paiaUelogriims  by  construction  of  figure. 

IS,  therefore,  X,  Y,  be  the  resolved  puts  of  a  force,  P,  along  the  teetongalai  axes, 
A  X  and  Ay,  X,  T,  the  resolved  parts  of  Q,  and  X,  Y,  the  resolved  parti  of  B,  tiie 
resoHant  of  P  and  Q  in  the  dJiectioD  of  the  asme^aies, 

X,  — X,-(-X„  and;Y,  =  Y,  +  Y,. 
The  above  figure  has  been  so  drawn  that  tlie^^rces  F  and  Q  both  fell  within  the 
axes  Az  and  Ay;  Uiie  is  not  alwajs  the  case;  it  may  sometimes  happen,  as  f 
annexed  figure,  Uiat  one  of  the  axe*  roar  &U  between  the  two  forces ;  in  this  c 
will  be  Been  that  the  resolved  part  of  the  fbrce  Q,  along  the  axis  A  y,  will&ll  o 
cj^osite  side  of  A,  from  tile  resolved  forces  of  F^and^  along  die  same  line. 
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i2        EQDILIBRIIJII  07  ANT  XDHBEK  OP  fORCES  ACTING  OH  A  POINT. 

The  resolTed  forces  wUch  lie  on  one  Bide  of  A  are  e«lUd  positive,  and  those  on 
opposite  >ide  oegatiTe. 

ConseqoeaOy,  the  resotred  parte  of  F  will  be 
X,  BnllY„I)^Q,X,  anil-Ti,uidof  It,2jBnd 
The  same  constnictioii  being  made  as  in  die 
caae,  since  A  P  R  Q  is  a  panllelognim,  A  P  = 
KQ,  and  since  A.X,  is  panOlel  to  BQ,  and  AP 
to  QR,  the  angle  PAX,  =  angle  It  Q  B,  also  the 
angles  at  B  and  X,  are  right  angles. 

Sence,  in  triao^APX,  andQBS(Eu 
B,  I.,Pnjp.26.).  RB=PX„andBQ  =  AX,. 

X, +X,  =  AX,+AX,  =  BQ  +  aTB  = 
BT,  =  X,A  =  X,. 

T,-Tj  =  AT, -ATs  =  PX, -X,B  = 
LB-X,B  =  BS,  =  AT,  =  T,. 

And  in  this  caae  X,  =  X,  +  X„  and  T,  = 

A  dmilaT  construction  and  demonibalian  irill  qiply  to  ererj  other  podtiim  in  which 
the  lectangular  axes  may  be  pkced  with  respect  to  the  forces,  and  we  may  say,  g 
tally,  tltat  the  algebmcal  mm  of  the  resolved  parts  of  amy  two  forces  acting  np 
material  point  in  the  directions  of  any  two  rectangular  axes  pastung  throogti  that  point, 
will  be  equal  to  the  resolved  parts  of  their  [cmltant  along  the  same  a: 

PEOPOSmON  IX. 

TaJlndtheamdUumiof  tguiliMitm  e/  any  number  iff  ftirea  atting  upon  a  mattrial  point, 
tht  diridiotu  ofihtforett  bring  oil  in  the  tamiptant,  but  not  in  tht  saiat  ttraijht  tint. 

LetP„P„P„andP., 
be  four  forces  acting  upon  ^ 

A,  represented  in  magni- 
tude and  direction  by  the 
lines  AF„  AP„  AP„  and 
A  P.. 

Thtongh  A  draw   the 
rectangular  axes  A  a  and 

IThrotightbe  points  P,, 

•t,  P„  and  P„  draw 
P,  Y,.PaT„P,T„and 
~  Y4,  perpendicular  to 
Ay,  and  P,X„  P,  X„ 
P,X„  and  P4X,,  per- 
pendicularto  Air, 

Then,  Prop.  III.,  AX„  AY,  : 
direction  of  the  axes  A  x  and  A  y, 

AX,  and  ATj  =  X.  and  T.  those  of  F3,  AX,  and -AT,  =  X^  i 
those  of  P,  and  -  A  X^  and  -  A  T4  -  X4  and  -  Y,  those  of  P,  aloi^  the  e 

Let  B,  be  the  resultant  of  the  forces  P,  and  Pj. 

E,  the  resultant  of  the  fbroes  E,  and  Pj,  or  of  P„  Pj,  snd  P,. 

AndHj  the  resultant  of  the  fbroes  H,  and  P„  or  of  P,,  P„  P,,  and  P^. 


and  Y„  are  the  resolved  parts  of  P, 
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Then,  Pbop.  Tin.,  the  Tesolved  put  of  K,  nlong  the  aiisof  A>  =  Z, -|- X„ 
tialofK,  =  S,  +S,  +  X„  and  that  of  K,  =  X,  +  X,  +  X,  -  X4. 

Similarly  the  resolved  port  of  E,  along  the  ans  A'p  =  Y,  +  Y„  that  of  B,  = 
T,  +T,  +  Y„andUiatofRa  =  T, +T,  -  Y,  -  T«. 

Let  X  =  X,  -4-  Xi  -|-  Z,  —  X„  tho  slgobtaical  »um  of  the  resolved  parte  of  the 
four  fwcea  along  the  mis  A  i,  and  -  Y  =  T,  +  T,  -  T,  -  T„  fliB  algebraical  ium 
of  the  resolved  parta  of  these  forces  along  the  axis  Ay.  , j 

Take  A  X  =  X  along  the  axis  A  X,  and 
lY  =  -  T  along  the  aiU  A  Y, 

Through  X  draw  XE,  perpendicular  to    y  ^ 
A  X,  and  throogh  —  Y,  —  Y  Rj  perpcodioular       '^ 
>  AY  meetijig  in  the  point  Eg.    JoinAEj.     , 

Then,  Psop.  III.,  A  E,  will  represent  the 
reaoltant  of  the  foicSB  P,,  F„  F„  and  P,,  in  magnitude  and  direction. 

This  sii^le  force  A  B,,  acting  alone,  will  produce  on  A  the  same  efiect  oi 
P„P„P„andP,. 

ProduceAR,  to  ASi,inake  AS  =  AEj.  '  ' 

Then,  Pbof.  TIL,  A  fbrce  represented  in  magnitude  and  direction  hy  A  S  will 
exactly  counteract  the  effect  of  the  force  represented  by  A  R,. 

COTisequently,  a  fi>ree  represented  in  magnitude  and  direction  by  A  3,  will  keep  the 
point  Ain  equilibrium  when  acted  on  by  the  forces  P,,  P^,  P,,  and  P. 

Fnmi  S  let  &11  S  X  perpendicular  to  A  X,  and^3  Y  perpendicular  tr. 

Then,  P£oP.  III.,  AS  and  AY  are  the  resolved  parts  of  A  9  along  tho  rectangular 
xes.  NowiuthetrianglegAXR,  andAS^ihe  angle  X  A  E,  =  angle  8  A'S,  and 
he  angles  at  X  and  X  are  right  aisles,  and  also  A  B,  =  A  B. 

Therefore  AX  =  AX  =  X,  and  SX  =  XE,. 

AndAXEjYandAX  SJazeparallcIograms.  ..   ■'. 

Consequently,  S  S  =  A  Y,  and  X  E,  =;  A  Y. 

Therefore  A  Y  =  A  Y  =  - Y. 

The  resolved  parts  of  A  S  are  therefore  —  X  and,Y. 

But  X  ^  X,  +  X,  +  X,  -  X^,  and  -  Y  =  T,  +  Y,  -  T,  -  T4. 
:There£bre  X.  +  X,  +  X,  -  X,  -  X  =  0,  and  Y,  +  T,  -  Y,  -  Y,  +  Y  =  0, 

Or  if  dye  farces  represented  in  magnitude  and  direction  by  AF„  AP„  AP,,  AP^, 
and  A  S  keep  a  point  in  equilibrium,  the  algebraical  torn  of  Ae  resolved  parts  of  theie 
forces  along  the  rectangular  azea  paaaing  through  tliii  point,  will,each  be  equal  to  aero. 

The  aamo  demonatration  may  be  ap^ied  to  any  number  of  forces.  It  may  also  be 
obserred  that  the  pouUon  of  the  reotangtilai-  axes  is  perfbcQy  arbitrary,  provided  only 
that  they  are  ia  the  same  plane  in  whidi  tiie  forces  are  supposed  tc 

The  conditions  of  equilibrium  when  all  the  fbrou  are  not  in  tiie  same  plane,  involve 
the  discussion  of  sdid  geometry.  We  shall  reserve  the  consideration  of  this  subject  to 
a  more  advanced  portion  of  our  treatise. 

The  student  will  observe  that  all  the  conditions  of  equilibrium,  fbramaterial  point  which 
we  have  considered,  are  geometrical  deductions  from  the  parallelogram  of  forces,  and  in- 
volveno  new  mcohaiiical  principles;  and  that  the  parallelogram  of  forces  dependsupon  one 
mechanical  principle,  that  of  the  transmission  of  a  force  &om  any  one  point  to  another 
rigidly  connected  with  it,  and  in  the  direction  of  its  action,  without  altering  its  eSbct. 
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(4  FSOBLEMS. 

We  labjoin  ti^o  or  three  eiuDples,  to  altow  tlte  metbod  of  applying  the  principles 
re  luTe  determined.  Hechanical  problemi  may  be  Bolved  in  two  vaya ;  gnpliicaUy, 
t,,  hj  Bccnntely  ditnring  the  gtometrical  flgnret  by  matlieinUical  instTumenti  and 
scalee,  and  obtaining  a  leiult,  whidi  can  be  measured  bj  tLeee  ins 
nometticaUy,  i.  t.,  by  computing  the  relatdons  of  the  figures  accarding  to  Iba  prindplea 
of  trigonometry,  and  thns  UTivlDg  by  meaoa  of  trigoaametricsl  tables  at 
rate  resnlt  than  the  fbrmer  will  afford. 

We  would  recommend  the  student  to  use  both  of  thcse'mEthoda,  aa  he  will  by  thia 
leana  obtain  s  clearer  view  of  the  mibject  than  by  accustoming  himaelf  only  to  en 
of  tbem. 

Fboblbh  I. — liaoforfti,  reprmnUd  by  Jilbt.  and  lE/Si.,  art  indintd  ia  tath  ether  »l  t 
angli  ef  60° ,-  rtquired  the  mtgniiude  of  tht  rtnUtanii  and  itt  tHdinatuM  le  the  gt 
iBt  Qnphicail  stjution.  _ 

Drew  a  lino  AB, 

Hoke  AB  equal  to  IS  parts  of  my 
conrenient  scale,  aa  the  Bth  or  the  lOdi 
of  an  inch. 

Draw  A  C  inclined  to  A  B  at  an  angle 
f80°. 

Take  AC  equal  to  12  ports  of  the 
une  scale,  VbtA,  A  B  i>  equal  to  IS  parte. 
Through  C  drew  0 £  parallel  to  A B,  and  throng  B,  BE  parallel  to  AC,  meetdng 
in  the  point  G. 
Join  A  E. 

Then,  Prop.  L,  A  E  ¥rill  nrpnoent  the  reeultont  of  the  ibroeB  represented  by  A  C 
and  A  B  in  magnitude  and.  direotian ;  and  if  A  E  be  measured  by  the  scale  used  in 
drawing  A  B  and  A  C,  it  will  be  found  to  be  23]^  parts  of  that  scale,  and  the  angle 
EAB  will  measun  very  nearly  2S*  20". 

Th«  resulting  force  will  therefore  be  represented  by  33^  lbs.,  snd  its  incIinatiOD 
>  the  greater  leave  will  be  26°  20'  neariy. 
The  process  mi^t  hare  been  shortened  by  the  use  of  fia^.  IV.,  in  which  oess  w 
should  have  drewn  AB  =  IS  porta  of  the  scale,  BE  msHog  an  sn^  180°  —  SO*  c 
120°  with  A  B,  and  BE  =  12  parts  of  the  seals,  and  lastly  jetned  A  andE. 
2nd  IMgnometncal  solution. 

AE>  =  AB>  +  BE>-2AB-BBMf.l20>. 
=  AB> +BE'  + 2  ABBE  ess.ffi)°. 
=:12«+  16«4-1X  12XI6K-6. 
=  Md  +  S2S -f  ISO  s  Hfi. 
H«tiDe,'A  E  =  l/S&  =  33-M. 
.     .      sin.  BAB_BB    '  «in.EAB_lfl 
^^  Bin.  EBA      EA'       sin.  120°  ^ 28-48' 

Hence,  sin.  E  A  B  =  '-?—  sin.  120°  =  'I—  nn.  60". 
^  23'43  2S-4J 

lad  Log.  lin.  BA  B  =  Log.  12  +  Log. sin.  60*  -  Log.  a!-*S. 
=  10791812  +  eB87(SO«  -  1-3697T23. 


=:  Log.  ein.  9S*  20*  neaily. 
Aii^KAB  =  M:'W. 
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«    Then  th*  raailiuit  of  more  Ouu  tire  fbreea  ii  to  be  bund,  it  vfll  be  mom  on- 
venient  to  reeolve  tlie  forces  ss  in  Pn^.  IX. 
'W'e  BhaU  therefore  work  out  the  ebore  example 
b;  that  method. 

Draw  two   fltiaight  linee,  Ax  and  Ay  at 
right  angles  to  each  other. 

TakeAP,  =  IS  =  force  P,  along  A  I. 

Draw  AP,  ^  12  ^  force  P^  mailing  an 
angle  60"  with  A  P,. 

Through  P,  draw  Fg  !ft  perpcndioular  to 
An,  and  P,  x,  perpendicular  to  A  z.  i"~~     S^^T!!^~ 

Then  Ar,  Ay,  aro  the  resolved  parts  of  P, 
along  Ax  and  Ay ;  A  P,  ia  the  reaolved  part  of  P,  along  tlie  aiia  Ax,  and  ifa  rewired 
part  along  Ay  is  zoro. 

Produce  A  P,  to  x*.  and  make  P,  c'  =  Ar,. 

Then  As*  s  A  P,  -{-  Az,  is  the  reaolTed  part  of  the  Tesoltaat  of  F,  and  P,  Amg 
Ax  and  Ay,  ia  the  reaolved  part  along  Ay. 

Tbron^  >*  draw  i'  B  peTpeDdionlar  to  Az,  and  produce  y,  P,  to  'meet  ^  B 
in  E,    Jmn  A  B. 

Then  A  R  repreeeniB  the  resultant  of  F,  and  P,  in  magnitnde  and  direction.  Ay,  = 
A  P.  cot  SO"  =  12  X  -6  =  8,  andly,  =  P,X,  =AP,  »in.  60°  =  12  X  "866  = 
loss  2. 

ButAR'  =  Ay,'  +  Ey,'  =  Ay,«4-A«,»"~[10-»92)'  +  (16  +  8)i=(10.SB3)-H 
(21)",  =107'998e64  +441  =  648.908684. 
23-430. 


Again,c 


lB=v'G4S.993S64 

.KAi'=: 


21 


AW—  23-43 
28°  30'.    And  ^lis  is  the  inclinati 


loe.  26°  20'  nearly.    And  theiv- 
n  of  the  resultant  to  Che  gin 


lore  ai^e  B  Aj  = 

Fboblem  U.—Thnifortm  which  ar*  to  eadk  nlher  m  3, 4,  amd6,ael  upt»  afeinl,  mdJuep 
it  at  rest ;  repared  tht  angUi  at  which 
thite/arca  arc  incUtud  to  taeh  »lhtr. 
lit.  Oit^ihical  aolulaon. 
Draw  a  line  A  B  ^  4  paits  lit  some 
scale,  with  A  aa  a  cenbe  and  radina  AC    . 
:=  3  pails  of  tliia  scale;    deaoribe  aii 

Also,  -with  B  aa  cenlra,  and  radini  B  C 
^  5  parta  of  the  scale  \  i&vsatit  anfdlier 

Tiet  C  be  the  point  whare  Uie  two  aiCB 


JoinACandBC.  Thnni^  CdiswCEpanllel  toABand  t)uvBghB,.BEpaTaIlel 
to  AC,  meeting  in  E.  Join  A£  and  pn^we  A  E  to  F,  maldagAF  ==  A^  Jlien  tb« 
fiooes  which  aie  to  eacli  odier  aa  3,  4andS,ftctii^afonthepi^tA,  and  keeping  it  at 
Rst,  VU  ^  repi«aenl<d  in  nagnitniie  and  directianby  thelinas.AC,  AB,  and  AF; 
and  the  aoglea  being  maasund  by  a  protrmotor,  or  any  othar  menu  •atit  Sat  muanibig 
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:  90",  th*  an^e  B  A  F  =  liS"  E 
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uigles,  it  will  be' found  that  the  angle  BAG 
the  angle  C  AF  =  128°  SB",  nearly, 

3nd.  Trigonometrical  Ewlation. 

Since  3»  +  4»  =  9  +  16  =^  25  =  fi=. 

The  farces  represented  hy  3  and  i  muBt  be 
at  right  an^ee  to  each  otiier,  and  their  re- 
sultant 5,  will  be  the  diagonal  of  the  rec- 
tangul&r  parallelogram  whose  sides  are_  Its 
3  and  4. 

Let  a  be  the  angle  betweat  tlie  nsultaat 
and  the  force  represented  by  3. 

Theutan.a=-  =  1-33333=  tan.  63° 8', 


Hence,  by  a  reference  to  the  diagram  it  will  be  readily  se 

the  fbrc«s  3  and  6  is  180°  —  a:^  180° ■-"''  '"' 

forces  *  and  5  is  BO"  +  o  =  90°  +  63°  ff  =  1*3°  8'. 

PKOBLm  III. — Three  forefrtpmenltd  by  tit  Humieri  3,  6,  atid9,  CdHmf  um&r  any  rir- 

cumtUmeetprodua  tquilihrium  on  a  point. 

This  is  evidently  true,  once  by  Prop.  IV.,  three  forces  Mm  ottly  produce  cqoilibriuio 
on  a  point,  when  a  triangle  can  be  described  whose  aides  are  respectiveLy  propordonal 
to  the  magnitudes  of  tiie  fbrce*.  Now,  the  mdei  of  a  triangle  never  can  bear  to  e«ch 
other  the  proportion  of  the  numbers  3,  5,  and  S,  since  in  every  triangle  the  si 
any  two  sides  must  always  be  greater  than  the  third,  and  3  +  5  =  8,*  number  leas 


eshaU 


perceive  its  impoe^- 


K  we  attempt  to  solve  the  proplem  graphically, 

biHty. 

Thus,  if  we  draw  a  line  A  B  =  9 

parts  of  any  scale,  and  wilh  A  as  a 

centre  and  radius  A  C  ^  S  parts  of 

the  Bcale,  and  with  B  af  a  centre  and 

radius  BD  ^  3  parts  of  the  scale,  we 

describe  two  ciroles ;  they  evidently 

will  not  cut  each  other  in  any  point,    _ 

and  consequently  we  cannot  construct 

a  triangle  whose  ndeg  are  to  each  other  as  the  oumbera  3,  5,  and  9. 

We  add  a  few  more  problems  for  the  practice  of  the  student,  taken  tram  the  Cam- 
bridge Eiaminatioii  Papers  and  other  sources. 

Three  Corcea  usting  in  the  same  plane  keep  a  point  at  rest ;  the  angles  between  the 
directions  of  the  farces  are  135°,  1S0°,  and  T06°;  compare  their  magnitudes. 

Four  fbrces  represented  by  1,  2,  3  and  4,  act  in  the  same  plane  on  a  point.  The 
directions  of  the  first  and  third  are  at  right  snglcB  to  each  other ',  and  so  are  H 
directioM  of  the  second  and  fourth ;  and  the  second  is  inclined  at  an  angle  of  6i 
to  the  first.    Find  the  magnitude  and  direction  of  the  resultant. 

A  circular  hoop  ia  aupportad  in  a  horizontal  position,  and  three  weights  of  i,  S  and 
6  lbs.  respectively  are  suspended  over  its  circumference  by  three  strings  knotted 
together  at  the  centre  of  the  hoc^.  Neglecting  the  friclioit  of  the  edge  of  the 
hoop,  find  the  angles  between  the  sbings  when  there  is  equililmum. 
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Thrae  equal  forces,  each  eqnifaleat  to  6  Ibe.,  act  on  a  point,  Ilie  £nt  tro  are  inolined 
to  each  other  at  an  angle  of  15°,  and  Uie  tliird  ia  inclined  at  an  nogle  of  15°  to 
the  Brat.  Find  the  magnitude  and  direction  of  the  resaltiuit. 
The  ivsoltant  of  tiro  forces  is  SO  lbs.,  and  the  angloe  which  it  makea  with  theii 

directions  ia  20°  and  30°  ;  find  the  component  forces. 
A  boat,  fastened  to  a  fiied  point  by  a  rope,  is  acted  on  at  the  same  time  by  the  wind 
itnd  the  current.  Suppose  that  the  wind  v»a  8  E,  Ae  diiection  of  the  current  " 
and  the  direction  of  the  boat  &om  the  fixed  point  8  20°  W.,  and  also  that  the 
pressme  on  the  point  was  IfiO  lbs.,  it  is  reqoiied.to  4nd  the  fbrces  of  the  wind  and 
the  current. 

Ia  pulling  a  weight  along  the  ground  by  a  ropo,  inclined  to  the  horison  at  an  angle 
of  iS",  I  exerted  a  power  of  40  lbs. ;  required  the  force  wiA  which  I  dra^d  the 
body  horizontally, 
our  forces  are  in  tlie  same  plane,  which  are  to  each  ether  as  6,  8,  10,  and  12,  a 
upon  a  giTBB  point,  and  are  inclined  to  a  given  line  at  the  angles  20°,  40*,  80°, 
Biid  ISO"  respectively;  find  the  m^nitude  and  direction  of  a  fifth  force  which  shall 
balance  the  others. 

EqnilUrlnm  of  a  Bieid  Bo<t.— Having  considered  the  conditlona  of  eqnili' 
brium  of  a  material  particle  acted  on  by  any  number  of  forces  acting  in  the  same  plan 
■e  next  proceed  to  consider  the  conditions  of  equilibrium  of  a  rigid  body  under  H 
ime  circumstances.  Here  it  may  be  as  veil  to  repeat  what  hsa  been  stated '  before, 
fliat  by  the  term  rifid  body,  wo  naderstand  a  body  composed  of  material  particles  held 
together  by  unbiown  molecular  forces  of  such  intensity  Ijiat  the  body  cannot  b 
Bltei«d  in  shape,  or  its  particles  in  any  way  displaced  by  any  forces  which  can  act  upon 
This  rigid  body  also  possesses  the  property,  that  if  imy  force  be  applied  to  it,  its 
particlea  will  bsosoit  that  force,  unimpaired  in  intensity,  to  any  point  In  the  body, 
which  lies  in  the  line  of  direction  in  irliich  the  force  Is  acting ;  consequently,  the  effect 
if  a  force  on  a  rigid  body  will  be  the  same  if  we  transfer  its  point  of  application  from 
my  one  point  in  the  rigid  body  to  any  other,  provided  these  two  points  are  in  the  line 
a.  wbioh  the  torca  is  supposed  to  act. 

Unless  it  is  otherwise  stated,  this  hgpothttieal  rigid  Udy  is  also  considered  as  being 
deatitnte  of  weight. 

>r  more  fijTces  acting  on  a  rigid  body  are  applied  to  the  same  point  of  the 
body,  the  conditions  of  equilibrium  will  be  the  same  as  those  for  a  material  point  under 
the  same  circumstances,  fi>r  the  same  force  which,  when  applied  to  the  material  point, 
would  counteract  the  effect  of  these  fbrees,  would  also  keep  the  body  in  equilibrium 
when  applied  to  the  point  in  the  body  upon  which  the  forces  act. 

PROPOSmOTT  X 

Ttfnd  tit  Biagmtud*  mti  inaction  Iff  thuttuUant  of  Ivia  firui  aetii^  on  diffirmt  pointi 
u  fiane,  but  mt  paraihUH 

Let  a  force  P,  rspresented  in  magnitude  and  direction  by  the  line  A  P,  act  upon 
point  A  of  a  rigid  body,  and  another  force  Q,  represented  by  B  Q,  act  upon  the  point 
B  ofthe  same  body.    B  Q  and  A  P  both  being  the  same  plane. 

Join  A  B.    Produce  PA  and  QB  to  meet  in  the  point  C. 

Along  C  B  t«ite  C  Q'  =  B  Q,  and  along  0  A,  C  F  =  A  R ^^___ 
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Dnw  Q'  R'  punllel  to  C  F,  and  F  R'  paralld  to  C  Q',  i 

Join  C  &,  and  produce  C  !R  to  E,'  catting 
ABinD. 

Hake  D  B'=  C  B'.  Then'DB  wfll  re- 
resent  the  resultant  of  the  forces  P  and  Q 
in  magnitude  and  direction. 

By  ^  principle  of  the  trananiiiiQEi  of 
forces,  the  points  A  B  and  C  beicg  suppmed 
to  be  rigidly  coanacted  witli  each  other. 

The  point  of  application  of  the  force  P 
maj  be  transferred  from  A  to  C,  and  the 
force  Q  bom  StoC. 

Then  the  forcesPandQftctingatC  may 
le  r^ilaced  hj  the  uogle  force  repressnted 
in  Djagnitude  and  direction  by  C  K',  Prop.  L,  g 
and  this  force  may  be  transfened  from  C  to 
D,  and  be  ropreeentcd  in  magnitude  and 
directioDby  DB. 

Tbit  conetniction  will  enable  us  to 
present  graphically  the  revnltant  of  any  ttro  (litcee  tctiog  on  a  rigid  body  in  the  same 
plane,  but  in  direetions  not  parallel  to  one  another. 

For  the  purpose  of  calcol&tion,  it  will  he  convenient,  howersr,  to  determiae  the 
geometrical  relation  of  the  point  D  to  the  fbroes  F  and  Q,  and  their  directions. 

Through  D  draw  D  E  perpendicular  to  C  A,  and  D  F  perpendiculai  to  C  B 
through  F  draw  F  G  perpendicular  to  C  D. 
~  Let  a  represent  the  angle  A  C  D,  and  $  the  an^  BCD. 

Thensince  by  oonstniction  P  B^  Ib  parallel  to  C  QT,  thn-efi«e  (Goc.  B.  I.,  Prop.  27|) 
angle  G  R' F = angle  tf  C  B' — ^. 

The  anglea  at  £,  F,  and  O,  are  rigM  aagUs  by  a 

Hence  the  flgttre  -will  afford  us  two  pairs  of  nmilar  IrisnglM.    ^^ 


«■ 

K 


mma  in  the  trian^  C  D  E,  C  G&  ihe  an^  DOXtmdPGOttie  ImOi  =  o,  and 

^oeeatSandG'areri^angles(BS'w31pTabahlybemare'T«adilyperoeiTedintheannBzcd 
figures  than  in  the  more  complicated  figure],  it  follows  that  the  triangles  CDB  and 
C  F  6  arc  aqDiaDgalaT  trian^ea  and  simikr  to 
B.  T?.,  Pwp.  *,) 

CD  :  DE  ::  CF  :  GF 


C  D 


CF 
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ady,  ancs  the  sugleB  F  C  D  andGB'P'iire  both  equal  to  6,  »oi  tbe  luglea 
at  F  and  G  right  anglea,  the  triangles  G  F  D  and  K'  O  F*  are  eimilar  triangles,  and 
DF  :  CD  ::  GF  :  FE' 
DF  _  OF 
*^'  C  D  ~  FE' 
Multi^}^  equals  together,  we  have 

CD  DF  _  CF  GF 
DEC  D  ~  GFFK' 
„  D  F        CF 


and  therefore  t 


ButCFR'Q'ii 


DB  ~  FE' 

I  parallelogram,  and  therefore  F  E'  =  0  Q', 
D  F        C  F        P 
Honce  f.       ~~  ~      ' 


D  E  ~  C  Q'       Q 
The  perpendicalar  from  the  point  D  on  the  direction  of  the  foroe  Q  _ 
'  The  perpeadiciilar"&oni  the  poinrt)  on  the  direolion  of  the  foree  P 
Conseqnenilr,  the  perpendicular  from  the  point  D  on  the  direction  of  the  toKX  Q 
multiplied  hj  Q,  equals  the  perpendicular  from  ihe  point  D  on  the  direction  of  the 
force  P  moltjplied  by  P. 

Ma^kent  o<  Fwrcea  and  Falemm.— If  iro  euppoee  an  axis,  I 

through  the  plane  in  which  the  forces  act, 
fixed  with  perfect  rigidity,  and  perpendicular 
to  that  plane  at  the  point  D,  and  then  placed 
on  a  atuid,  as  in  the  acoompanying  figure, 
so  as  to  allow  the  plane  to  move  with  perfect 
freedom  about  the  axis  H  D,  then,  i 
the  resultant  of  the  fones  P  and  Q  acting 
at  A  tutdB  passes  through  the  point  D,  their 
joint  efiect  will  be  counteracted  by  the  re- 
actJonoftheatandontheaxisHD.  Neglect 
ing  the  weight  of  the  plane  and  the  friction 
of  the  Bzia,  the  plane  will  be  in  a  state  of 
flnniiihfiimi,  under  ^ke  infloeoce  of  liie  two 
foroea  P  and  Q,  ootifi^  at  i.  and  B  in  ti 
directioiiB  AP  and  B  Q,  togetlier  with  the 
reaction  of  the  etand  ai 
jhe  point  D  in  a  direetion  iq^ioaite  to  the  resultant  of  the  fbrcee  P  and  Q.  If  the  rigid 
body  be  reduced  to  the  rigid  Une  A  B,  A  B  is  callad  a  lever,  aod  the  point  D  its  fidemm. 
Since  the  c<mdilianB  of  equilibrium,  or  that  the  reanlCaiLt  of  the  forces  B  and  Q 
dtould  pass  through  D,  ate  as  above  stated,  that 

TitperprndiaOarfivm Ben  the dirtction  efthtfant  Q'  tmU^Uti  ty  Q,  tgv^lt  tit 
ptrpmdiaOitr  frmt  Don  the  dinttume/thi/orttt,  mutinied  if  V;  itfoUowa  that  the 
brce  P  may  be  replaced  by  a  force  S  withont 
altering  these  conditions,  provided  that  the 
perpendicular  from  D,  D  K  on  the  direction 
K  S  of  llw  fbrce  9  moltiplied  by  8,  be  equal 
~  le  perpendicular  from  D  on  the  directjon 
of  the  force  P  multijdied  by  P. 

The  writers  on  Hetjunics  have  applied  the 
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duct  of  the  linear  unita  in  tlie  lengtli  of  the  perpendicular  from,  a  given  point  on  ths 
direcldoji  of  a  force,  by  tho  units  of  force  in  the  given  force. 

Thus,  if  the  forcea  F,  Q  itnd  8  be  rqir«sented  in  magnitude  and  dire<::tioii  by  S  P, 
FQ,  and  SE,  andDE,  DF  and  D  £  be  tbe  peipendieulara  on  those  directions. 

PE  xDE,  QF  X  DF.andSKxDKwiEbethere^ectiveMomentaotmomenti 
f  the  loToea  PQ  and  8,  about  the  point  S. 
These  prodnda  are  not  onlj'  termed  the  moments  of  the  forces  irith  respect  to  tbc 
point  B,  but  also  the  moments  of  tho  forcee  with  reapect  to  axis  H  D,  perpendicular  it 
the  plane  in  whieh  they  act. 

The  Btudent  Dnut  be  careful  not  to  coi^ound  these  italieal  numtmlt,  or  mommtii. 
with  the  momenta  of  dynamics  ;  the  momentum  of  dynamica  being  the  product  of  tho 
maaa  of  a  body  by  its  velocity. 

If  the  force  P  atone  were  to  act  on  die  plane  at  the  point  A,  it  would  eridently 
twist  the  plane  about  the  fixed  axis  H  D,  and  Q  acting  alone  at  B,  would  twist  the  plan 
aboat  H  D  in  a  direction  opposite  to  that  in  which  P  would  do  so.  The  tendeucy  of ' 
thereforetotwirttbeplaneabouttheaxiBHD,  or  point  D,  is  counteracted  by  the  tendency 
of  Q  to  twist  the  plane  in  tho  opposite  direction  in  the  case  where  equilibrium  eiiets. 

We  have  seen,  however,  that  the  tendency  of  Q  to  twist  tho  body  about  the  axis 
Q  D,  will  be  counteracted  by  sny  other  force  whose  statical  moment,  vith  respect  \l 
HDorD,  is  equal  that  oftho  force  P. 

SiBct  tee  may  consider  the  itatieal  moment  of  a  Jorce  about  a  given  jioint  or  ozu,  <u  ( 
mtaiurt  of  its  Icndency  to  twisl  the  flam  to  luAicA  ii  «  applied  aSaul  this  paint  or  aius. 

PosUlve  and  >f«eatiTe  HomMits.— The  moments  of  those  forces  whose  ten- 
dency is  to  twist  a  body  about  the  axis  or  fulcrum,  in  tho  direction  In  which  the  hands 
of  a  watch  move,  are  termed  positive ;  those  whose  tendency  is  in  the  opposite  direc- 
tion, negative. 

It  will  readily  be  seen,  that  if  the  directions  of  the  forces  F  and  Q  in  Propoution 
X.  had  been  parallel  to  one  another,  the  demonstration  there  used  could  not  be  applied ; 
n  that  case,  the  directions  of  the  forcea  could  not  be  produced  till  they  met. 

PROPOSniON  XI, 

lijlnd  the  moffniludi  and  dirafien  of  tht  reaultattt  of  twofo 
of  a  rigid  body,  the  directioni   of 
tht  foroia  being  in  the  tame  plane, 
buiparaBel  to  each  other. 

Let  P  and  Q,  be  the  two  forces,  A 
nd  B  the  two  points  in  tho  plane. 

The  force  P  being  repr^ented  in 
magnitnde  and  direction  by  the  line 
AP,  and  ft  by  the  line  BQ. 

Then  AP  and  BQare  parallel  to 
each  other. 
Join  A  B. 

The  conditions  of  equilibrium  will 
,ot  be  altered  if  any  arbitrary  fbrca  S 
be  applied  to  A  in  the  direction  A  S,  and 
J)  B  in  the  opposite  direction  B  S. 
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Let  these  equal  and  t^podte  tonxt  be  rqireaeated.  ia  magnitadG  and  direction  bj 
A  S  and  B  8. 

Conaequentlj  A  S  =  B  S. 

Complete  tlie  parallelogram  S  B  Q  T  and  the  paiallelogram  3  A  P  B, 
Join  AB  and  BT. 

Then  A  R  =  B  Tepreaente  the  reanltant  of  the  forces  F  and  S  in  magnitode  and 
direction,  and  nutf  be  aabatituted  for  theae  forces. 

Also  B  T  ^  T  represents  the  resultant  of  Q  and  8  in  magnitude  and  direction,  and 
may  be  anbetitated  for  them. 

Produce  A  B  and  B  T  to  meot  in  (he  point  C. 
Through  C  dnw  C  D  parallel  to  A  F  or  B  Q,  meeting  A  B  in  D. 
The  force  B  aotiiig  at  A  in  diiectioti  A  B  ma;  be  tranafeired  from  B  to  C  in  ibe  line 
BAC,  and  nptesenled  in  magnitude  and  direction  by  CB',  CB'  beings  A  B. 

Similarly  T  may  he  tranaf^ned  from  B  to  C,  and  lepresanted  in  magnitude  and 
direction  hjCT,CT  being  equal  to  B T, 

Throng  0  drav  the  line  S  C  S  psralM  to  A  B. 
AUotliroaghr  dnv  T  Q' patallel  to  B  A,  meeting  C  D  in  Q',  and  T  S  parallel  to 
D  C,  meeting  S  C  in  8. 

Similarly  through  B'  draw  B'  P  paxaOel  to  A  B,  meeting  C  D  in  F,  and  B'  S  parallo 
»DC,  meeting  SC  in  S. 

The  paraHdogram  S  C  Q'T*  ui  ■imilar  and  equal  in  all  respeots  to  the  pandlelogtam 
S  B  QT,  and  the  parallelogram  0  F  B'  S  to  the  paraUelogram  A  PB  S. 

Hence,  Prop.  III.,  die  (brco  B  acting  at  C,  in  the  direction  C  B',  may  be  replaced 
by  the  (brcea  S  and  P,  represented  in  magnitude  and  direction  by  C  8  and  C  F  ;  also 
the  force  T  acting  at  C  in  direction  C  T,  may  be  replaced  by  the  torcea  S  and  Q'  acting 
n  tlie  ^rectiona  C  S  and  C  Q'. 

The  equal  and  opposite  forces  S  and  S,  acting  in  the  line  8  C  S,  will  deitroy  each  other. 

Aud  the  parallel  forces  F  and  Q  acting  at  A  and  B  are  replaced  by  the  (brcea  F  and 

Q  acting  at  C  in  the  direction  C  D,  and  these  forces  again  may  be  tranafened  from  C 

)D. 

Honce  the  i«aultant  of  the  forces  Pand  Qaotingat  Aand  B,  trill  be  aforce  P  +  Q 

acting  at  D  in  a  direction  parallel  to  the  directions  of  P  and  Q. 

lb  deUrmmt  thepoiiHan  tf  tht  point  D. 

Since  FE' is  parallel  to  AD  Oie  triangles  C  F  E',  C  D  A  a»  equiangular,  and 

fliercfot«,  Enc.  B.  VI.  P.  4—  _  ' 

CD_CP 

"^AD""FF 

Similarly  because  Q"  T  ia  parallel  to  D  B,  the  triattgleaCTQ',  CBD  are  equi- 
angnlaT,  md 


CD:AD::CP:a'F,0 


BD:CD;:TQ':CQ',< 
„        CD  BD_CF    TQ- 

^"""AE'cD-rp-  m- 

BD      CP"      P 
But  R'  F=T'  Q',  therefore  t^=^  =  5 
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ButBD+ADsAB. 


*aT)- 


dAD  = 


—  A  B,  which  daterminestlie  point  D. 


xADtlie 


Or,  in  other  worda,  thedisUnce  of  the  folcnun  &om  the  point  of  upf^tMSaa  at  oae 
ot  tha  foitca  P,  is  equal  to  the  othar  force  Q  moltipliod  by  the  fiitwoee  between  the 
two  fbrcses,  and  divided  by  the  mm  of  the  two  ftnm. 

T?lun  A  B  ia  perpm^cnhr  to  A  P  01 B  Q  WB  have  unoB— 
BD_P 

QxBD  =  Px  AD; 
but  in  this  cbeb  Q  x  B  D  is  the  moment  of  Q  wiOt  reject  to  D, 
moment  of  P  with  reipect  to  D.    Hence  in  thii.  omb,  u  in  the  In 
moments  of  F  and  Q  with  respect  to  D  are  equal  to  each  other. 

In  the  case  we  have  just  considered,  we  auj^oaed  the  two  fanes  P  and  Q  to  be 
acting  in  the  same  direction ;  wtien  thej  aot  in  _ 
the  opposite  directions,  our  construction  will  be    fy 
modified  as  lepreaented  by  the  accoBipuijrine    l   ' 

To  A  and  B,  as  before,  apply  two  equal  and 
oppcaite  forces  represented  in  magnitade  md  £- 
rection  by  A  S  and  B  8. 

Cranplete  the  paialldogranui  APRS  and 
B.QTS. 

Jdn  BT  and  A  B,  and  prodnee  them  till  they 
meet  at  C. 

Thniu^  0  draw  C  D  panlld  te  A  P  or  B  Q, 
meeting  B  A  produced  in  0. 

The  resultant  of  the  fbrces  3  andQ  acting  at 
B  will  be  represented  ia  magnitudo  and  direoldoQ 
by  B  T,  and  this  force  maybe  tcansfened  from  B 
to  C,  and  represented  by  01"  =  BT. 

The  resultant  of  the  forces  P  and  8  acting  at  A  will  also  ba  represented  by  A  B,  and 
this  may  be  tnuuferred  from  A  to  C,  and  represanted  by  C  B'  ^  A  B. 

Through  C  draw  S  C  8  parallel  to  B  A,  through  T",  T"  Q'  parallel;  to  A  B,  T  8 
parallel  to  DC,  and  throogh  B',  B' F  parallel  to  A B,  meeting  DO  produced  in  P, 
and  B'  S  paralld  to  D  0. 

.   The  fotoe  C  T  may  be  replaced  by  the  fbt«M  represented  by  C  Q'  and  G  S,  and  the 
force  C  K'  by  the  forces  represented  by  0  8  and  C  P'. 

But  CS  =  BS,  and  CS  =  AS,BndAB  =  BSby  construction. 

Hence  the  two  equal  (broei  acting  on  C  in  opposite  directions  in  the  line  S  C  8 
destroy  each  other,  and  the  forces  P  acting  at  A,  and  Q  acting  at  B,  are  replaced  by 
the  two  forces  C  Q'  and  C  P'  scting  on  C  in  opposite  direotioas. 

But  C  Q'  =  B  Qj=  Q,  and  C  P'  =  A  P  =  P. 

Hence  these  two  forces  may  be  represented  by  a  single  fbroe  P  —  Q  acting  at  C  in 
the  direction  C  P',  and  this  force  may  be  transferred  tmat  0  to  D  in  the  line  C  D. 

Thcresultant  of  the  two  parallel  forces.  Pond  Q,  acting  in  opposite  directions  at  the 
points  A  and  B,  will  be  a  foroeP  — Q  acting  at  D  in  B  A  prodooed. 
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lb  ditermiiu  Ihi  jmition  of  tht  point  D. 

Sfauni-Pii  p«i^tdDC,  tl>»«iglBARS  =  Bii^ACD,  tmdtks  ta^iat.  at  C 
and  D  Bie  ocminon  to  the  two  trisn^ro  A  B  S,  A  C  D. 

Tlta«fbra  llie  trUnglea  A  E  S,  A  C  D  are  equiangolai  and  giniilar. 


And  AS  :  S'fi  : :  AD  :  DC,  tx^  ■= 


AD 


-EC' 

Also  because  B Q  is  paraJM  to  C D,  the  angle  T B  Q  =  angle  BCD. 
Ag&in,  T  Q  U  puTtiUel  to  B  D,  tkerctore  fin  angle  Q  T  B  =  an^  D  B 
And  tlie  two  trian^B  I(lB,BDCaieeq 
AndBQ:QT::DC;BD,or-|^  ^  | 

Multiplying  tie  eqoal  fractions  together,  i 
BiitaT  =  B8  =  AS,andSE  =  AP. 

BQ 
Hence  -;-_  == 


*AP~  BB"  " 


"BD' 


AD 


KOTrBD  =  AB  +  AD,th£wfore|  =s  a 6  4-  A  If 
AndttAB  +  Q-AD  =  P.AD,  orQ.  AB=  (P-Q)  AD. 
Therefo7eAD  =  ^^. 

lliis  leanlt  miglit  have  been  olrtained  from  tlie  prerioos  case  by 
for  Q,  wMch  would  glre  P  —  Q  for  the  resultant,  hut  the  eipreseioa  for  f  D  would  be 
—  :p — SI  the  negatiTe  sign  signiiyiiig  that  (lie  point  D  in  this  case  would  lia  on  a 
different  side  of  A  from  wliat  it  would  when  the  toree  Q  was  podtiTC,  or  when  both 
foccea  acted  in  the  Bame  directioa. 

In  tiie  last  case,  that  ia,  when  P  and  Q  act  in  oppoute  directions,  if  P  and  Q,  are 
eqnal,  we  cannot  repceaent  iheic  resultant  by  any  single  force. 

For  if  we  pursue  the  mode  of  construction  adopted 
befbre,  we  stall  find  tie.line  B  T  in  this  case  parallel 
to  theliae  AS;  and  consequently  these  lines,  if  pro- 
duced, will  nayer  raeet. 

This  admits  of  an  easy  proof,  hocauee  B  Q  is  parallel 
and  equal  to  A  P,  and  B  S  and  A  3  are  e^ual  to  each 
other,  and  are  in  tbe  same  line. 

Therefore  the  paralleli^jam  A  P  E  3  Is  similar  and 
e^naltothepaiaUelc^ramBQTS,  and  the  angle  PAR  =  the  angle  IT B Q. 

Also  because  A Fiapanllel  to  BQ,  the  angle  PAB  =  angle  QB  A. 

And  by  addition,  angle  P  A  E  +  angle  P  A  B  =  angle  T  B  Q  +  angle  Q  B  A 

Or  the  angle  B  A  B  =  the  angle  T  B  A. 

And,  by  Euc.,  B.  I.,  p.  27,  K  A  must  he  parallel  to  TB. 

Out  nielliod  in  this  case  fails  to  discoTer  a  point  D  anyirliere  in  the  line  A  B  pro- 
duced, to  which  a  single  reaultaiit  can  be  applied. 

This  ia  indicaffid  by  the  formnlfe  which  we  haTc  already  obtained  of  P  —  Q  for  the 


1^ 


of  the  reanltant,  e 


,0.iJ 


for  AD,  the  distance  of  its  point  of  af^Ucatiou 
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from  A,  Bince  when  Q  =  P,  theygiveuaP  — PorO  f or  the  magmtude  of  the  reEoItant, 
and  ^"  ^^  or  ^'  ^     the  algebraical  sign  of  infinity  for  AD ;  t  mnilt  iHucli  dunre 

that  onr  problem  in  this  e«se  ii  impoamble. 

Ooaple>— When  two  equal  and  opposite  pai&uel  forces  act  at  different  points  of  a 
rigid  body  in  the  same  plane,  their  efftet;  ax  we  have  sa^  auuot  be  countaracted  by 
any  dngle  force  applied  to  the  body,  and  their  tendency  Till  _ 
eridently  be  to  twiat  the  body  in  the  direction  of  the  i^e  in  ^ 
which  they  net  Thoa  P  acting  on  A  hi  the  direction  A  P, 
and  P  acting  on  B  in  flie  direction  B  P,  will  twist  the  body 
ronnd  in  the  direction  B  A  P  or  A  B  P. 

couple  is  applied  to  such  a  lyston  of  forces. 


Ai^  <^A  Conplei— The  perpendicular  distance  between    ^t" 
the  directions  in  which  die  (broes  producing  a  ooniJo  act,  ii 


it  the  body  on  which 
be  foaud  which  can 


called  the  arm  of  fliat  conple.    Thus  if  theline  AB  isperpen. 

dioular  to  A  P  and  B  P,  which  represent  the  directions  in  which  I 

the  forces  producing  a  conpio  act,  AB  is  the  arm  of  tiat  couple.  ^ 

Monent  of  a  Oonpl*. — The  product  of  the  arm  of  a  couple  and  one  of  the 
forces  pcDducing  it,  is  called  the  moment  of  that  couple. 

Thos  if  P  be  the  force  acting  in  the  direction  A  P  or  B  P,  then  P  X  A  B  is  the 
tnomenl  at  the  couple,  produced  by  the  oouple  whose  arm  is  A  B. 

This  moment  is  a  measure  of  the  tendency  of  the  couple  to  t\ 
it  acts,  and  it  is  cuatomaiy  to  indicate  a  conple  by  its  momcnL 

E^BilAiliiBt  ctf  a  Couple.— Though  no  ungle  force  ca 
counteract  the  efiect  of  a  couple  on  a  rig^d  body,  yet  a  conple 
may  be  found  to  nentralise  the  influence  of  another.  Thus 
if  a  force  Q,  equal  and  opposite  to  the  force  P  represented  by 
AQbe  qiplied  to  A  in  the  direction  AQ  of  the  line  PA  pro-  | 
duccd,  and  a  similai  and  egual  force  at  B  in  the  line  B_P 
prodaced  to  Q. 

Then  the  ftnce  Q  at  A  being  eqnal  and  opposite  to  that  of 
P  at  A,  but  in  the  same  straight  line,  will  ueutraliso  it. 

Similarly  the  forces  P  and  Q  acting  at  B  will  destroy  each  other,  and  the  body  will 
bo  in  a  state  of  equilibriani  under  the  influence  of  two 
couples  whose  moments  are  P  X  A  B  and  Q  X  A  B, 
but  which  tend  to  twist  the  body  in  opposite  directions. 

A  conple  whoae  tendency  is  to  twist  the  body  in  the 
diroction  in  wliioh  the  hands  of  a  Watch  move  is  caUed 
a  positive  couple,  such  as  Q  X  A  B  in  the  accom- 
panying diagram ;  while  the  conple  which  would  cause 
the  body  to  move  in  the  opposite  direction,  such  as 
P  X  A  B,  is  called  a  negative  couple. 

It  is  also  convenient  to  deeignatc  a  couple  hy  its 
moments;  thus,  wben  we  speak  of  the  coi^le  P  X 
A  B,  we  mean  the  couple  whoso  moment  is  P  X  A  B, 
AB  representing  its  arm,  and  P  one  of  the  equal 
forces  acting  at  its  extremity. 
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t  generally  to  reprewnt  the  prodnet  of  F  and.  A  fi  by  Uu 
tpabol  F  ■  A  B,  initead  of  F  X  A  B. 

AxIb  of  *  tumble. — rhe  am  of  &  ooaple  ia  a  straight  line,  wUoli  is  snppoaed  to 
be  dravii  perpendioalftr  to  Ua  plane,  and  proportional  in  lenglli  to  it«  meiMnt, 

Tbal,  if  the  arm  of  a  couple  he  4  iaehsB  in  length,  and  the  fbroea  acting  at  its  ei- 
ticmitiea  be  hoth  S  pounds,  and  the  arm  of  another  coiqile  be  6  inches,  and  the  flroea 
»  be  both  8  pounds,  the  mommtt  of  tbeaa  coaplee  vill  be  Tepresented  hy 
the  DoniberB  20  and  48,  and  a  line  20  inches  in  length  perpendicular  to  the  plane  of  the 
flrst,  and  another  of  48  inehei  perpaidicular  to  that  (tf  the  lecond,  will  represent  their 
respectJTS  axes. 

PEOFOSniON  XII. 

Tifana  ef  a  umpll  maf/ ie  tunud  retmd  tmf  paint  in  that  arm,  in  lAt  platu  of  i&e  anipU, 

m'tAout  alieriag  tin  eoiuUUotu  of  fgmlArium. 

Let  A  Breiaoentthearmof  th«aonple,  F,  and  P,  the  forces  acting  at  A  and  B. 

In  AB  take  any  point  C,  turn  A  B  roimd  C  into  the  nev  poeition  A'  C  B'. 

Now  eX  the  point!  A'  and  B'  we  may  applr 
«qnal  and  oppodte  foroee,  Pu  P^,  Pj,  and  P^ 
perpendicular  to  the  line  A'  B',  and  each  equal 
to  the  force  Pi  or  P»  without  disturbing  the 
oonditiraui  of  eqailibniiDi  of  the  body  on  which 
the  couple  P '  A  B  is  sirppased  to  act 

Produce  the  line  A  P,  to  meet  A'  P,  in  the 
point  D,  sndPjBtomeetB'PginS.  JoinCD 
andCE. 

Because  in  the  triangles  A'  D  C  and  ADC, 
the  angles  at  A  and  A'  are  right  angles,  the 
aide  D  G  common,  and  A'  C  ^  A  C. 

Therefore  A'  D  =  A  D,  and  the  anglea  at  D  a      . 

Similarly,  it  may  ba  shovm  that  the  angles  at  C  and  £  are  biaect«d  by  C  E. 

Hence  C  D  and  C  E  are  both  in  the  same  straight  line. 

Since  any  fiirae  may  be  tianaferred  from  its  point  of  application  to  any  other  pmnt 
tn  the  line  of  its  action,  we  may  remove  the  forces  P^  and  P^  from  the  points  A  and  A' 
InthepointD,  and  the  fiHceeP,  and  P,  from  Band  B"  to  E.  For  the  sake  of  clearness, 
the  new  position  of  the  fonxs  will  then  be  iqiresentdd  by  the  two  following  figures — 


by  CD. 


one  representing  the  poailionB  of  the  two  forces  Pj  and  P„  which  haTc  not  had  their  po 
of  application  altered,  forming  a  couple,  and  acting  at  the  eitremitica  of  the  arm  A'  F ; 
and  tbe  other,  the  positions  of  the  forces  whose  points  of  app^cation  have  been  changed, 
Now,  completing  the  parallelograms  P,  D  P^  II  and  EF,B'P,;  D  RandE  S' their 
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diagoiuuliffQlnipruaitthereniltuitjof  tbeloniMPi  andp,  aotingatDiUidPiaiulP, 
Bodog  at  E.  And  nnce  the  fbui  forces  Pi,  Pi,  P,  and  P,  are  e[[U£l,  ai  aie  alao  Uis  anglet 
at  D  and  B ;  tile  forces  repcesented  by  D  It  and  £  S,'.  will  be  equal ;  and  sitioe  tliej  attain 
apposite  dirscdoDE  in  the  lame  itndght  line  D  C  E^  Ihej  vill  connteraet  each  other. 

Hence  on  tte  whole  we  hare  replaced  the  couple  P  '  A  B  b7  the  comple  P  ■  A'  F, 
witlunit  altering  the  conditiaiu  of  equilibrium. 

raoposiTioN  xiii. 

Tht  tfiiet  o/a  eoupU  leiil  not  it  atttrtd  if  ilt  arm  b»  reiaovtd  to  any  potUim  parallel  tn 
ittelf,  tithir  in  it»  eon  plant  or  eUe  in  one  parallel  to  it. 
FiiBtly  let  the  ann  A  B  of  the  couple  P  ■  A  B  be  cemoved  to  the  new  position  A'  B- 
(Fig.  1),  A'  B'  hang  parallel  and  equal  to  A  £ 
and  in  the  aame  plans. 

The  conditiona  of  equiUbrinn  will  not  he 
altered  if  we  apply  to  A'  two  fbroea  Pg  and  P^, 
noting  in  opposite  direotiona  perpendicularly  to 


.^' 


3 


Similarly  we  mayapply  at  B'  the 
forcM  P[  and  P^  each  equal  to  the 
former  and  perpendiculai  to  A'  B'. 

Join  A'  B,  A  B"  meeting  in  C. 
Then  since  A  B  is  parallel  and  equal 
to  A'  B',  we  have  in  the  triangles 
A  B  C,  A'  F  C,  the  angles  at  A 
Find  B  equal  U>  the  angles  at  B'  and 
A',  and  also  A  B  =  A'  B'.  Sence 
A  C  =:  B'  C  and  B  C  —  A'  0. 

Now  for  tho  sake  of  elGamesa  wo 
may  suppose  the  six  forces  repre- 
sented abovedivided  into  two  gioups, 
19  in  Figs.  2  and  3,  one  (Fig.  2)  con- 
sisting of  the  arm  A'  B'  acted  on  hy 
the  equal  and  opposite  farces  P,  and 

"     forming  a  couple  P  ■  A'  B' ;  and  ng. 

the  other  of  the  four  equal  and  parallel  fbrcei;  Pj  and  P,  a< 

ction,  and  P^  and  F^  at  A'  and  B  in  the  oppouto  diieotion. 
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Now  by  Prop.  XI,,  aince  A  0  =:  0'  0 
will  be  e^airiilent  to  t  tanf^ 
tonx  C  Bi  =:  3  P  tctins  at  0 
in  the  directioD  0  Ki  puallel  to 
APjorffP,  SimilwlyP.ana 
P,  acting  at  A'  and  B  irill  ba 
equivalent  to  C  Ej  ^  2  P  acting 
at  C  in  the  dii«ction  C  B,  pual- 
lel to  A'  P,  or  B  Pj.  But  tho 
two  equal  force*  C  B,  and  C  Bj 
acting  on  C  in  opposite  diitc- 
JDo  Etraight  line 
irill  counteract  each  otlier. 
Henee  the  group  of  force* 
I,  Pb  P„  and  Pj  will  neulrolias 
each  otlier,  and  wc  ehoU  only  ^ 

hara  the  effect  of  the   couple  Tig. 

~  ■  A'  F  left,  as  represented  in  the  other  group  (Fig.  4). 
On  tho  -whole,  therefore,  wo  have  replaced  P  ■  A  B  by  the 


Pi  and  P,  acting  at  A  and  S 


-A—" 

ft 
1 

f5»A 

G.-:;:;- 

y" 

L x 

i 

ft. 

y 

/L 

The  parallel  forces  P,  and  P,  acting  nt  A  uid 


A'  B",  the  ai 

A'  B  being  parallel  and  equal  to  tho 
aim  AB  and  in  the  sameplane  wjthit 

Secondly,  let  tho  arm  A  B  be 
removed  to  the  position  A'  B*  paral- 
lel to  A  B,  in  a  plane  parallel  to  the 
plane  of  tbe  couple  P  -  A  B  (Fig.  4). 

Let  D  B  H  I  represent  the  plane 
of  the  couple  P-AB,  FOKLa 
plane  parallel  to  D  E  H  I,  the  pUne 
to  which  the  arm  A  B  is  supposed  to 
bcromoTed. 

For  the  rake  of  eleamese  we  may 
consider  these  planes  as  opposite  fiiees 
of  the  porallelopiped  D  E  F  Q  H  I 
KL. 

Then  A'  B,  the  new  poution  of 
the  arm,  will  ho  drawn  in  the  plane 
F  0  K  L,  parallel  and  equal  to 
A  B  in  the  plane  D  E  I  H. 

Join  A  B,  B  A'  meeting  ii 
and  apply,  aa  in  the  preceding  case, 
equal  and  oppoaile  forces  Pj,  Pj,  7 
Pg  at  A'  and  B',  each  equal  and 
parallel  to  P,  or  P,.  Then  Euc, 
B.  li.,  Prop.  2,  the  triangles  ABC, 
A'  B'  0  are  in  the  aame  pTanCi  and 
as  in  the  preceding  cose  A  C  :=  B'  C 
and  A'  C  =  B  C. 

:  equivalent  to  CBi^2Paoting 
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It  C  puallel  to  Pi  or  Pg ;  and  the  par^d  forcei  P,  and  P^  acting  at  B  aud  A'  ar 
eqiuTalent  to  C  £,  =  2  P  acting  at  C  parallel  to  P,  or  P,.  The  forces  C  B,  and  C  E, 
neutralise  each  other,  leaYing,  as  in  the  previous  case,  Ota  fbrcea  Pj  and  P,  acting  at 
couple  P  ■  A-  B-. 


:e  {hat  the  aim  of  a  couple  may  be  trans- 
to  any  otlicr  position  in  that  plane,  or  to  an^ 


Combining  the  tva  last  proportions,  n 
feired  from  any  podtion  in  its  own  plane,  tc 
plane  parallel  to  it. 

ThoB,  if  we  wish  io  transfer  the  couple  P '  A  B  (Fig.  £}  to  tlie  position,  in  which, 
one  axtremity  of  its  arm  sIibII  corrcepond  to  the  point  D,  and  the  arm  itself  be  in  the- 
direction  D  E,  all  we  have  to  do  IB  to  lake  an  J  point  C  in  A  B,  and  througli  C  draw  F  G- 
parallel  to  D  E.  Then  hy  Prop.  XII.  P  ■  A  B  may  be  tranaferred  to  the  position 
P  ■  F  G,  and  from  that  by  Prop.  XIII.  to  the  position  P  ■  D  H,  F  G  and  D  H  being 
both  equal  to  A  B. 

PROPOSITION  XIT, 
Cngda  acting  m  tht  tanu  plant  or  in  planet  parallel  to  eaeh  oihtr,  kHI  le  cgaat  if  their 
mtmaitt  bt  iqual. 
Let  P  -  A  B  (Fig.  1)  be  a  positiTe  couple,  and  Q '  D  £  (Fig.  2)  a  negative  one, 

uther  acting  in 


the  aams  plan 
nilh  P  ■  A  B  0 
elscin  one  paral- 
lel to  it.  P  being 
greater  than  Q^ 
and  D  E  greater 
than  A  B. 
Then  the  couple 
Q'D  E  can  bo 
tzansfeired  so  as 

in  such  a  podtion 
that  oike  extrem- 
ity D  shall  coin- 
cide with  A  (Fig. 
1),  and  its  arm 
be  the  same  line 
as  A  B.  This 
is  represented  ii 
Fig.S,  AFbeing 
equal  to  D  E. 
Now,  theopposite 
forces  P  and  Q 
acting  at  A,  are 
equivalent  1 
single  force  P— Q 

direction  A  P,  as 

ahown  in  Fig.  i. 

the  r^  body, 
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on  whidi  tliay  aie  luppoaed  to  Rot,  vill  be  eqiuTaleiit  to  the  three  parallel  forcea  P — Q, 

P  and  Q  acdng  at  Oio  pointa  A,  B  and  F  in  tlie  Bane  Btnught  line  A  £  F. 

Now,  if  these  couples  P  '  A  B  and  Q  -  D  E,  ara  aoch  u  to  neutralize  each  other  or 
ptodnce  equilihrium,  the  eqnilibrium  will  not  be  disturbed  by  the  alteration  ve  have 
made  in  the  poaition  of  their  atma.  Hence,  the  puallel  ibrcee  F — Q,  F  and  Q  acting 
in  the  points  A,  B  and  F  in  the  lice  A  B  F,  muat  in  thia  caae  prodace  equilibiium,  and 
by  Prop  XI.  we  shall  have 

(P— Q)AB  =  CIBF 

or    P-AB  =  a-AB  +  ft-BF  =  Q{AB  +  BF)  =  QAF  =  Q-DE; 

which  shows  that  the  momenta  of  the  two  couplea  are  eqiuL    But  a  n^ative  couple 

P'A  B  would  counteract  the  poaidTe  couple  P'AB  if  their  anna  were  in  theaamepoaitiOD. 

Hence,  two  negative  couples  will  be  equivalent  to  each  other  if  thur  moments  bo 
equal,  proridcd  only  that  they  oot  in  the  some  plane  or  in  planes  which  am  parallel  to 
each  other. 

The  same  leasoning  will  apply  to  pontive  couples. 

PROPOSITION  ST. 

Ta  fiid  (As  ratdtant  eouplt  of  tme  toujiUt,  ichich  do  not  aet  itt  thi  mow  ftam  m  • 

rigid  t<xfy. 

For  the  sake  of  cUorneis,  we  shall  suppose  the  planes  in  which  the  two  coupbi  act, 


Hg.l. 
represented  by  tbe  open  pages  of  a  book  E  F  G  H  E  l!i,  standing  upon  a  table  (Fig.  1), 
and  inclined  to  each  other  nt  sn  angle  t.  B  H  will  be  the  intersection  of  the  two  pages 
or  planes,  which  are  botli  supposed  to  be  perpendicular  to  (he  surface  plane  of  the  table- 
Let  F '  A  B  be  the  couple  acting  in  the  plane  L  £  H  E,  Q '  C  D  Hiat  acting  in  the 
plane  E  F  G  H. 
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By  the  prarioni   propontioa  the  eaajae  P  -  A  B  naj  be  repkoed  bjr  tlie  caii|Je 
F  -  E  H  acting  in  the  same  plane  L  £  H  K 
proTided  PE  H  =   P-AB, 


lnSKtaleHP=P-^ 
IVoduce  L  E  to  F  and  make  £  F  =:  H  F. 

Then  F  E  H  F  will  repnteent  in  magm- 
tnito  Rsd  direction  the  coapls  F  ■  E  H  which 
replace*  P  ■  A  B. 

In  a  «imilar  maimeT  Q*  E  H  Q*  will  re- 
prewnt  in  magnitude  and  direction  the 
couple  Q' '  E  H,  which  will  icplace  Q  -  D  C 
C  D 


proridedQ'H 


H' 


Completing  the  paiaUelogrant  F  H  Q'  E  on  the  plane  ef  the  table,  and  jdning  E  E, 
H  B  its  diagonal  will  represent  a  force  E  in  magnitude  and  direction,  which  will 
replace  the  forces  F  and  Q,'. 

Since  the  piano  of  the  table  ia  at  right  angles  to  the  planes  EFGH.andLEHE, 
*nd  oonseqnently  Euc.  B.  li.  Prop.  19  to  their  interaection  E  K  Theroforo  E  E  in 
the  plane  of  the  table  will  be  at  rigbt  angles  to  E  E. 

Similarly,  F  and  Q'  acting  at  E  will  be  replaced  by  a  force  B,  represented  liy  E  E 
acting  at  right  angles  to  E  E. 

Eence,  on  tbe  whole  we  hare  replaced  tbe  couples  P  ■  A  B  and  Q '  C  D,  by  a  single 
couple  B  ■  E  H,  whoso  arm  lies  in  the  intoisectioa  of  tbe  planes  in  which  the  couples 
P-ABondQ-CDaet. 

Let  us  now  suppose  the  parallelogram  E  Q'  E  F,  wUch  we  hare  preriouelj  drawn 
m  the  plane  of  the  table,  to  be  drawn  as  in  Fig.  2,  on  tbe  plane  of  the  paper. 

Draw  H  U  peipendicular  to  E  Q',  S  0  pcrpendicalsr  to  E  E,  and  H  K  pe9:pen- 
dioular  to  H  F. 

Then  if  0  =  an^e  Q,  H  F,.U  H  N  will  =«,  the  angle  U  S  0  wiU  =  Q'  E  E, 
andIfEO=:FBB. 

TakeHM=ft--HE,HO  =  R-BE,and:HN  =  P-BE.    JoinMOandNO. 

Then  E  U,  E  0,  and  H  K  will  be  the  axea  of  the  couples  Q'  ■  E  £,  B  ■  H  E, 
and  F '  E  E. 

Because  E  F  B  ^  is  a  parallelogram ;  therefore,  the  angle  E  F  B  =  180°— 0  and 
Trigmometry,  page  322. 

[E'=BF'+F»>— 2BFFEBoaBFB=EF»+FR'+2HF-FE-oo«(    ' 
or    E'  =  F»+Q^  +  2FQ'coB» 

Multiplying  both  aides  of  the  abore  equation  by  E  E',  we  hare 

B'-BE'  =  F'-EE"  +  Q'a-BE»  +  2'F-BE-Q'-HE«)e# 
hutEM  =  (i'-EE,HO  =  E-HE,andEN  =  F-EEby  constnicUon. 

Eence,  substituting  these  values  in  the  equation,  we  bare 
BO'=BH'+EM'+2HNBMcoaB=EH2+EM=— ZENBMcosNEM. 

An  equation  whicb  is  identically  the  same  as  that  we  should  aniTe  at  if  we  auppoac 
B  M  0  N  a  paralletognm  whose  diagonal  is  B  0. 


.y  Google 
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Heace,if  twocideaof  ftpantUelcgtaiDTcpreMntthaueaof  two  oonpouBat  oouplea, 
ib  diagonal  rqn'camti  the  axu  of  tke  insultuit  ooaple. 

Similarljr  it  m>f  be  ihown  tliat  it  the  time  edge*  of  a  panllelop^ed  ztptaati  the 
axes  of  three  oomponent  con;^  the  ditgonal  of  the  pai«llelopiped  irill  gire  the 
mitgiiitade  and  diFectum  of  tlie  aiii  of  the  recnttaat  oonpl 

paoposiTiON  rW. 

Whm  mf  mmier  ef  eimpltt  tt  in  O*  lame,  ar  i»  paralltl  pUiut ;  th*  mnnmt  <^  Ou 

rtmltani  CMipb  u  tb  aif^nieal  nwt  qf  Mi  MMUnfi  ef  tittt 

let  Pi  ■  A,  Bj,  Pj  ■  Aj  Ba  Pj  •  Aj  Bj  be  threo  podtiTe,  and  P^  -  A,  B4  a  nesatiTe 

couple  acting  ia 


Tb«  MopleP,- A,  Bjina)' be  replaced  hf  the  Donple  Q,-C  D. 

' ^     ,  Al«o  the  eonple  P,  •  A,  B,  may  be 

i«rt«»**lI-aj^^~V  r^laeed   by  the   oonple   0,0    D, 


prorided 


CD 


Pj-A^B, 

tbe  (^polite  dtrastian  te  the 

I    /  otho^itviQbenpIatedbjrAaeoi^e 

____JZ^      Q.CD,»bere    Q,  =  Pr^ 
The  force  Qi  acting  ia  the  cfipoeite  direelioiL  to  the  AtcM  (^  Q,  aai  Or 
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TBBOaT  <a  OOKPLM. 


HsDM,  on  thrs  vbole,  we  lura  niplacad  tiw  four  oouplsB  F, '  Ai  B^  Fj  '  A,  B^ 
P,  -  A,  B„  P, '  At  B4,  acting  in  mj  direction  on  a,  ligid  bod;  in  the  time  plane  b;  four 
covplai,  aotnig  at  the  extremitiea  ef  the  ume  uiil 

Thit  ii  eridoitly  oqiuJ  to  >  tiiigle  couple  whoie  Mm  is  C  D,  with  oqnil  ud  oppodU 
foi«es%  +  Qi  +  Qs —  Qi  acting  at  eMsb  exIieDity. 

Wi  +  Q»  +  0.-QJCDi=Q,C  D+Q,C  D  +(1,-0D  ~Q.C  D 
=  P,A,B, +  P,A,B,  +  P,-A,B,  — PjAiBi 
or  the  Tendtmt  oonple  ii  (he  algebndcal  mm  of  tha  momenti'  of  the  oomponent  couplM. 
nc  •amo  teuoning  may  be  extended  from  toai  to  any  amnlMr  of  eonpUa,  and  by 
Frc^  ZIII.  to  couplei  acting  in  parallel  planea. 

Amoit  of  C<ntpl«s. — The  propoaitiona  from  12  to  IS  contain  the  foaduneaUl 
ptinciplei  of  what  hu  been  called  the  tA«ery<^(v<fplH,'  for  this  beautiful  theory,  which 
waa  introduoed  into  the  adenoe  of  Uechanioa  about  forty  yean  nnoe,  we  ore  indebted 
to  the  dirtingiiinhed  nuithematioian,  M.  Foinsot.  Attci  we  kaTS  extended  our  llth 
propoaitJan  from  two  to  an;  Dumber  of  parallel  foroet,  wo  ihall  again  letum  to  tha 
theotyof  ooopltw,  anddeteiniineby  Ka  aid  the  conditiDna  of  ofuiUbrinm  for  any  number 
of  fbroea  acting  on  a  rigid  body. 

pBOPoamos  i?ii. 

X^Jmd  th4  magtutuit  and  dinttun  ef  Iht  ranllaM  ef  anif  mmkbir  af  fwnXlA  foret* 

actmg  m  a  rigid  itdjf  in  tht  lamt  pistu. 
Let  four  panllel  liiraea,  P|,  ¥„  Pj,  and  F|,  acting  in  tha  same  plane  on  the  pointa 


A|,  A,  A«  and  Aj,  be  repreaented  in  niAgoitude  and  direction  by  A,  P^  A^  P„  A,  P|, 
tLndA^P,. 

Join  A,  A,  then  by  Pn^.  XT.  B,  Q[  =  P,  -f  P,  applied  at  a  point  B,  in  A,  Af 
•achlhat  L   -a  —       Pj       1    i 

■*'°'  =  PH^"^ 
and  drawn  panllel  to  A,  P,  or  A,  P,  wiU  repreaent  Q,  the  reiultont  of  the  paraltd 
forces  Fi  aikd  P,  in  magnitude  and  direction. 

Then  join  Bi  Ag,  iuBi  A,  tokeapoint  Bj  nieh  that 

through  B,  di«w  Bi  Q,  panlkl  to  A,  P,  md  =  P,  -f  P,  +  P^ 
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B,  Q,  will  tepreiKiit  Q,  th«  R«alt«nt  of  F,  md  Q„  w  of  P„  P„  and  F,  in  augnitub 
■nd  diceotioii. 

Jl^mh,  jdn  B,  A«  in  B,  A„  t>k«  B  point  B,  (oob  tiut 


B,B,  =  j5 


-B.A*  = 


rB,A. 


iT+Ti  "•  -^ — i-i  + 1,  + 1,  +  P. 

Throngi,  B,  doiw  P,  tlj  =  Qj  +  P,  =  Pi  +  P,  +  Pj  +  Pi  putlld  to  A^  Pj. 

Ttiea  B,  Q,  will  repreaeiLt  Q,  the  r^ultant  of  tlie  foroe*  Q|  uul  Pi,  oc  of  the  four 
puallel  fbraea  Fi,  F^  Pj,  uul  P^  in  ougnituda  utd  diieotioa. 

Tlis  wmfl  lOMMUDg  naj  ba  extended  ta  aaj  nomber  of  paraUel  forcct. 

It  i>  Bometimee  fu  mom  ooaveiueitt  to  refer  thera  Taiion*  points,  A„  A»  A„  A^, 
Bi,  Bb  B„  &0.,  to  two  fixed  arbitnty  lice*  or  toea  drawn  at  jight  angleB  to  eMh  other, 
ai  in  Propi.  VIII.  and  IX. 

Cet  0  X  and  O  Y,  dcBwn  thtougli  tbe  point  0  at  rigbt  anglos  to  each  other,  be 
olUMn  u   ubitnij  rittan- 
fularattt,  to  whiohtlia  poinU 
Ai,  An  &D.,  B„  Btt  &c,  are 
to  be  lefened. 

Throng  A,,  B„  and  A, 
dimwA,  H„  B,  N„  and  Ai  H. 
perpendicnlai  to  0  X 

Then  the  line*  0  H,  and 
U]  Au  which  detomune  tlie 
podtiMi  of  tbe  p(nnt  A,  with 
reapeot  to  the  axea  0  X  and 
O  T,  ate  called  the  ratfan- 
ffular  eo-ordinaUt  of  the  paint 
Ai. 

Similarly,  O  N[  and  H,  Bj 
are  the  rtetamyiAtr  vMmfi- 
itatu  oF  Bi ;  and  0  U,  and 
U,  At  are  thoae  of  the  point  A,. 

Let  O  H]  be  repreaented 
by  the  symbol  »„  O  M,  by 
Ss  A,  U^  by  y^  and  A^  U, 
byy,. 

Through  A,  draw  A,  B, 
parallel  to  0  S,  cntting  B,  Ni 
in  S  and  Aj  H,  in  B. 

Then  from  the  oonitractioD  of  the  flgore,  it  is  evident  that  the  angle*  at  S,  B,  H„ 
N,  and  H,  are  right  anglei ;  coiuequenUy  A,  S  =  M,  N„  A,  B  =  U^  U,  and  al«o 
A,  H„  8  N],  and  B  M„  are  equal  to  each  other. 

Now,bydiepreTioDapaTt  of  thepropoaition,  thep<^t  B,  wai  so  taken  in  Ai  A^  that 

_       "__    .     .         A^B,  F, 

-  P,  +  P,  *'    -'  "'  ^  =  FTT Pj' 

3.  is  parallel  to  B,  S,  Uierelbra  £iic.  B.  vL  p.  2. 

AiB,       Ai8        BjS 

A7^~2nt~Sji' 


A.B,=^ 
Again,  booauae  A,E 
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„     AS       M,H,       ON,  — OM,       ON,—* 

_  A,  3       A,Bi_       P, 

Henoe,  >mcB  |1^  =  ^  =  j-ji^^ , 

.         ON,  ^«,  P, 

Or  (ON,  -*0  (T,  +P^  =  P,j^  —  P,*i. 
AndON,  CP,  +  rj  — F,ir,  — P,a,  =  P,«,  — P,«i. 
Heace  0  N,  (P,  ^-  PJ  =  P,  *,  +  P, «,. 

And  ON,  =  ^-1^^. 

B,  8       B|N|  — 8N,        Bi  N,  —  A,  M,        B,  N,  - 
^«^' A^U  — A,M,  — BM,  — AjMj  — A,M,—     y,— 
B,  S       A,  B,  P, 

^'s^  =  vi;  =  t,  +  p,- 

And  (B,  N,  -  y,)  (P,  +  PJ  =  P,  s.  —  P,  y,. 
OrB,Ni(P,  +  Pj)  — P,!/,  — P,ft  =  P,y,-P,y,. 


I^  naW|  from  B,  and  Aj  ire  dmv  B,  N,  uid  A,  Mg  perpendioulu  to  0  X,  ind  lepro- 
tent  Oit,hj  Xttai  A,M,hj  y,. 

Then,  hy  a  aimiUr  eonstnleCiim  md  demonstration  to  tliat  uied  fi>r  the  points  Aj,  B, 

and  Bs  we  can  dwv  that 

B,  B,       BiSi  — B,N,       BiNj  — B,K, 
Br^-B,N,-A,M,-    B,N,-ft    • 

But  it  haa  been  ihiwni  tliat  g^T  =  p  Xp'x'P'' 
„  P,  B,N,  — BjN, 

=*^P,  +  P.-|-P,=    B.N,_y,     ■ 

OtP,-B,N,  — P,y3  =  BiN,(Pi  +  P^  +  P,-B,N,  — B,NaCPi  +  P,  +  PJ. 

But  B,  N,  =  ^'g|tp^'^.  or  B.  Ni  (Pi  +  PJ  =  P,  y,  +  P,  y„  and  ratntitatiiig 

this  Taluo  in  As  above  equation,  tad  tianapoaing,  we  have  B,  N^  (P,  +  Pj  +  PJ  := 

Piyi  +  Pift  +  Psh- 

OrB,N,  =  ^l='i.+.^3.^+^^?y\ 


Pi  +  P.  +  P, 
it  may  be  A 
0N,= 


■l^  +  P^  +  P,^ 
P,  +  Pi  +  Pj 


If,  noir,  perpendicolan  B^  Ng 
And  O  H4  =  ^„  and  JI,  A, 
method  of  damonatrstion 

Piyi  +  Piy»  +  P»y.  +  Pii'. 

— P.  +  l^.  +  i'.+  i'. — 


i  A(  Ml  be  drami  from  B,  and  A,  to  0  X, 

yu  TO  Bbull  have  by  the  oBnylQg  out  ttia  aame 


B,N,=  - 
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And  OS  -^''.+''■'■  +  '■'■  +  ''1-. 

We  mi^l  lOMMid  from  the  ease  of  fbur  forces  to  five,  from  Are  to  lii,  and  so  tm ; 
M  tb>t,  aganming  llie  BymboU  s  uid  y  to  represent  tlie  lectuigular  co-OFdiiiatea  of  Iho 
pointof  applioaliini  of  the  itsultant  of  npuullel  forces  P„Ph  Fu  &<i-t  P.  refecred  to  tha 
arbitnuTueiOStiidOT;  ire iliaU  hav« 

"„  P.  g.  +  P.  «.  +  P,  #,  +  &o..  +  P.  ». 
'-  P,  +  P,  +  P,  +  to„  +  P,  ■ 

'^^«~  — p,  +  i',4-p>  +  to.,  +  P.       ■ 

If  my  of  the  forces  not  in  on  apposita  direction  to  tlia  othen,  thej  mult  be  taken 
Tith  the  negative  tiga ;  tlie  co-ordjoatca  of  the  Tarioiu  points  of  application  of  the  ibroei 
muit  alto  be  taken  with  the  proper  aigoi,  detennined  bj  their  poutiaiL  with  r^aid  to 
theazca. 

PKOPOSinON  XVIII. 
njlHd  Ut  ntgniiudi  mi  Xrtetim  »f  fh*  ntuUant  farct  and  raullMit  eoupU  a/  my  nuA- 
In-  affaria  adiUff  m  a  rigid  body  in  tht  lanu  plant,  and  tht  toniitifm  mdir  vhieh 
Uur*  will  it  agiuV  ~ 


LetOM,=:«„A,U, 
ueaOXandOT. 

OICtS:i^A,H,  =  yn  thoae  of  A, ; 
0  Hi  ==  *^  At  Mf  =  y,  thoM  of  A , 


r^  Ml, 
Pte.l. 
f„  he  Cbs  radsDfoIat  eo-ordiurtM  of  At,  wftw^J  to 
«»  A,M,  =  )t,  thow  of  Aji 
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76  THXOXZ  or  coufles. 

Jm  let  ■,,  On  i^  and  «,  be  the  angles  that  ^  Pi,  A,  F„  A,  P^  i 
with  lioea  draim  through  A^,  A«  A,,  and  A^  parallel  to  0  X. 

Forthesakeof  cUamaii  we  will  finteooflao  our  attention  to  the  (broeP,,  ictrngat 
tie  point  Ai- 
Through  0  (Fig,  2)  dnw  0  ii[  at  right  angles  to  P^  A,  produced. 
AIm  through  0  dnw  Fi'  P,"  parallel  to  A,  F,. 
Make  0  P,"  and  0  F,'"  both  equal  to  A,  F,. 

Then  without  diiturbing  th«  equilibriom  of  the  body  ««  nay  introdnw  two  equal 
and  oppoaite  forces  F„  iepre*ented  in  magnitude  and  direction  bj  0  P,"  and  0  P,"', 
acting  at  0,  and  also  brana&i  the  point  of 
application  of  Fi  fi 

Hence,  on  tlie  whole  the  effect  of  the 
force  P,  acting  at  A,  ii  equiralent  to  a  foroe 
F[  acting  at  0  in  the  direction  0  P,"  paral- 
lel to  A,  P„  and  two  equal  and  opposite 
force!  Tepiesonted  in  magnitude  and  direc- 
tion by  0  Pi"',  «!  Pi'  acting  at  right  anglea 
t  a,  and  farming  a  couple  P[  ■  Oa  [,  or  a 
,  couple  whose  moment  la  F^  mnldplied  by 
the  perpendicular  from  0  on  the  lin«  A,  P^ 
produced. 

In  a  similar  manner  the  force  P,  (Fig.  I) 
ng  at  A,  may  be  replaced  by  a  focoe  P, 
acting  St  0,  parallel  in  direction  to  A,  P, 
'.  a  ooople  whose  moment  is  Pj  multi- 
plied by  the  perpendicolai  bam  0  on  Aj  Pg 
prodooed. 

The  force  F,  acting  at  A,  may  be  re- 
placed by  a  force  F,  acting  at  0  p^allel  to 
FT»'-  -AjFj,  and  a  cou^  whose  n 

moltiplied  by  the  perpendicular  from  0  on  A,  F,  produced. 

And,  lasdy,  Pi  acting  at  A,  may  be  rcplaoed  by  a  force  P,  acting  at  0  parallel  to 
Af  P(,  and  a  coaple  whose  moment  is  F^  multiplied  by  the  perpeadiculai  from  0  oi 
A(  F,  produoed. 

On  the  whole,  therefore.  Qui  forces  F„  Pj,  P,,  and  F,  acting  at  the  poinis  A„  A^  Ag 
and  A^,  may  be  replaced  by  fbrces  F„  Pi,-F„  and  F„  all  acting  at  0  in  directions  paralld 
»  A,  P„  A,  F»  Aj  F),  and  A^  F„  whose  resultant  will  be  a  single  foroe  whose  m 
tude  and  direction  may  be  found  by  Prop.  II. ;  and  four  couploa  whose  arnti  will  hare 
n  extremity  0,  and  whoso  momenta  will  be  equal  to  Pj,  F^  P^  and  F„  each 
respectiTely  multiplied  by  the  perpendicular  from  O  on  the  original  direction  of  the 
fore* ;  or  <m  Ai  P„  Ai  Pa  Aj  P,,  and  Aj  P,  produced. 

By  Prop.  XVI.,  tliese  four  oouples  will  be  equivalent  to  a  single  oouple  whoM 
moment  is  equal  to  the  slgebniical  sum  of  their  moments. 

The  single  resultant  force  acting  at  0  shows  the  tendency  of  the  four  tbrces  P,,  P„ 
P^  and  F(,  acting  at  0  to  move  0  in  some  rectilinear  direction,  while  the  resultant  couple 
gives  their  teadenoy  to  twist  the  body  in  some  direction  round  the  point  0. 

In  order,  therefore,  that  the  rigid  body  should  be  in  equilibriom  when  acted  on  by 
t  each  be  equal  to  nothing,  mnco  if  the  iMultant  tbiea 
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lone  were  equal  to  notMog,  the  rcaultsnt  CDUplo  ironld  twiit  the  bodf  roiutd  0 ,  u  a 

fixed  point ;  or  if  the  moment  of  the  resultant  couple  alone  were  equal  to  nothing,  Oit 

hody  iroiild  mare  so  as  to  keep  0  in  a  sliaight  line. 

Hence  tlie  amditiau  of  eguiliMum  of  four  fbrces  F„  P^,  P],  and  F^,  acting  m  a 

rigid  1>ody  in  the  eame  plane  at  tlio  points  A„  A«  A^,  and  A,  in  the  diiectiont  F|  A^, 

P,  Ae  P,  Afc  »na  P.  Aj  are  two. 

Firtt. — The  tesultant  of  fboc  forcei,  reapectlvely  equal  to  Pj,  Pj,  Pj,  and  P,,  acting 

on  any  point  0  of  the  body,  in  direction*  respectively  parallel  to  A,  P„  A,  P,,  A,  P„ 

ftnd  A,  F„  must  be  equal  to  zero. 

Second, — The  algebraical  earn  of  the  ntontents  of  the  four  conples,  irhose  anna  are 

Qje  perpendicular  drawn  from  0  on  A,  Fj,  A,  Fj,  A,  P„  and  A,  P^  produced,  and 
whoae  fbrces  are  respeotiTely 
equal  to  Pi,  F„  P„  and  F^  mtut 
likeadse  be  equal  to  Eero. 

Thia  latter  condition  ii  tech- 
nically callod  taking  die  nw- 
nenta  about  the  point  0. 

The  reaaoning  above  uaed 
for  fboT  foi«es  may  readily  be 
extended  to  any  munber;  it 
moat  alao  be  observed  that  tlte 
pontion  of  the  point  0  is  per- 
fectly arbitrary  in  the  solution 
of  problems.  It  is  generally  so 
choeen  aa  to  fkeilitate  the  Kdn- 


Instead  of  pnrsnii^  the  prc- 
ceoding  method,  it  is  frequently 
advisable  to  resolTe  each  of  tbo 
forces  P„  P„  Pa,  and  P,  into  two,  acting 
in  directions  parallel  to  the  arbitrary 
aies  0  X  and  0  T  (Fig,  1),  as  in 
Prop..  Till  and  XI. 

C<mfimng,  u  before,  our  attention 
first  to  the  force  F,,  acting  at  A,  in  the 
direction  A[  P,. 

Thiongh  A,  (Fig.  3)  draw  A,  X,  and 
A,  Y[  parallel  to  0  X  and  0  T  napeo- 
tivoly;  and  through  P,.  P,  Xi,  and  P, 
T]  perpendicular  to  A,  X,,  and  A,  T,. 
Again  thnni^  A,  draw  A,  K,  perpen- 
dicular to  0  T,  and  A^  Mj  perpoidiouUr 
Fig.  4.  to  0  X. 

The  force  P,  acting  it  A,  may  be  replaced  by  two  forces  S,  and  Tj  at  right 
angles  to  each  other,  represented  in  magnitude  and  direction  by  Ai  X,  and  A,  Y, 
(Prop.  ni). 

Without  disturUng  (he  conditions  of  equilibritim,  two  equal  and  oppotite  fincM 
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rs^^sented  in  nugnitude  and  directiaa  hj  0  X,'  and  0  X,",  eteh  e^ual  to  A|  Xi,  to^y 
be  applied  to  0  in  tha  direotiaa  O  X. 

And  two  equal  and  oppoaiM  force*  0  Y{,  0  Yi",  eacli  equal  to  Ai  T,  m»y  be 
applied  to  0  in  the  diisction  0  T. 

Also  (Fig.  1)  tlie  fotce  X^  maj  lie  trandecred  (rom  A,  to  N,,  and  llie  foroe  Y,  iram 
A,  to  Hi. 

The  forces  now  acting  on  the  tiodj  u  iQ  Fig,  4,  ma;  ba  diTided  into  two  groups, 
one  u  in  Fig.  5,  consisting  of  the  forces  X,  and  Yj  acting  at  0,  and  represented  in 
magnitude  and  direotian  bf  0  X,'  and  0  Yj' ;  and  tike  other  as  in  Fig.  6,  of  the  couples 
whose  moments  are  X,  multiplied  by  0  N„  and  Y,  multiplied  bj  O  M,. 

The  tendenoy  of  tbe  couple  X, '  0  N^  is  evidently  to  twist  the  body  in  the  opposite 


i 

— '^- 

\ 

)        , 

O 

Vi"^^^ 

J 

direction  to  that  in  which  the  couple  Y,  ■  0  Nj  has  a  teudeocy  to  twist  it  Hence,  if 
one  be  oonaidered  poeitiTe,  the  other  must  be  negattTS.  By  construction  Aj  M,  ^  f/,, 
and  Ai  N,  =  M,  0  =  z,. 

Hence  the  leaultant  moment  of  tboeo  tvo  couples,  Prop.  XVI.  will  be 
Y,  ■  «,  —  X,  ■  y. 

On  the  whole,  theiefbre,  we  have  replaced  the  force  F^  acting  at  X,  by  tho  forces 
X|  and  Y,  acting  on  0  in  tbe  direction  of  the  axes  0  X  and  0  Y,  and  a  conple  whosa 
moment  is  equal  to  Yi  ■  *i  —  Xi  yi. 

Ecfecring  to  Fig.  3,  we  see  that  A,  X,  =  A,  P,  cob  a„  and  Ai  Y,  =  A,  P,  sin  oi- 

Hence  X,  =  Pi  coa  o,  and  Y;  ^  P,  sin  a,. 

In  a  similar  manner  it  may  ba  shown  the  force  Pj  acting  at  Aj  may  bo  replaced  by 
the  foices  Xj  and  Y,  acting  at  0  in  the  directions  0  X  and  0  T,  and  the  couple  whose 
moment  ia  Y,  z,  —  X,  ^g,  where  X,  ^  P,  cos  oj  and  Yg  ^  Pg  sin  o^. 

Likewise  Fg  acting  at  A,  may  he  replaced  by  Xg  and  Yj  acting  at  0  in  the  directions 
0  X  and  0  Y  and  the  couple  whoso  moment  is  Tj  Zj  —  ^Vu  where  Xj  =  Pj  CDS  Uj  and 
T,  =  Pj  lin  oj. 

IiBStly,  P,  acting  at  A^  may  he  replaced  by  X,  and  Y,  acting  at  0  in  the  directions 
0  X  and  0  Y  and  the  ooiqile  whoso  moment  ie  Y,  r,  —  S,  ffi,  where  S,  =  P,  cos  a,  and 
Ti=:P,a!nB,. 

On  the  whole,  therefore,  the  four  forces  P,,  P„  P3,  and  P„  acting  at  Ai,  Aj,  A,  and 
Aj,  in  the  directions  A;  ¥„  Aj  Pj,  A3  Pj,  and  A,  P„  have  bcon  replaced  by  four  forces 
X],  X],  X„  and  Xj,  acting  at  0  in  fhc  direction  0  X,  whose  rcsultaut  is  a  single  force 
equal  to  Xj  +  X,  4-  ^  +  ^.  acting  at  0  in  tbe  direction  0  X ;  by  four  forces  Yj,  Yj, 
~    and  Y^  acting  at  0  in  the  direction  0  Y,  whose  resultant  is  a  single  fores  eqtwl  to 
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-  Vj  +  Yj  +  Y,  sctiog  Bt  0  in  the  direction  O  Y ;  togQttMr  wili  foor  oouplet^ 
whose  Tesultact  couple,  Prop.  XVI.,  will  be  one  whose  moment  ia  eqiul  to 

The  two  forces  (X,  +  X,  +  Xj  +  5J  acting  ftt  0  in  tlie  direction  0  X.  uid  [Ti  + 
T,  -f*  ^i  +  ^i)  Bctisg  >t  0  in  tho  diraation  0  T,  will  hare  a  ungie  resultant  which 
maj  be  found  by  Prop.  I. 

In  order  that  the  bod;  may  be  in  i  posiUoD  of  equilibrium  vhen  acted  on  by  tha 
foToes  P„  P„  P,,  and  P„  appUod  at  A„  A,,  A„  and  A„  in  the  directions  A,  P„  A,  F^ 
Aj  Fj,  and  A^  Fu  this  resultant  must  be  zero,  and  so  must  ihe  moment  of  the  reaultant 
couple. 

iM,  eicludiog  thoM  wmditiona  which  behmg  to  tho  couples,  referring  lo 
10  shall  have  two  conditions  for  the  forces  acting  at  0  in  I2ie  directions  0  X 


In  this  CI 
Prop.  IX.,  1 
andOT. 


s,  +  s,  +  x,  +  x.=o 

And  T,  +  ■S'a  +  Yj  4- 1!*  =  0 

The  moment  of  the  resulting  couple  being  also  zero,  gives  us  a  third  condition. 

("t,ii  +  X,ft)  +  CT,a,-X,yJ  +  (r,i,-X,*3)  +  (Y,«,-XtyJ  =  0. 

■Where  Xj  ;^  P,  coa  a„  i'l  ~  F.  cos  b,,  Sj  ==  P,  cos  bj,  Xj  =  P,  cos  «,  ■  Y,  =:  P 
Bin  tt„  T,  r=  P,  Bin  «„  Tj  =  Pj  «in  Bj,  and  Yj  =  F,  sin  o^. 

The  above  reaimjing  may  readil;  be  extended  from  four  to  naj  number  of  forces. 

We  have  for  the  sate  of  simplicity  drawn  the  directions  of  the  forces  Pi,  P^  Fj,  and 
P„  in  such  a  manner  that  their  co-ordinates  and  resolved  portiona  ahould  be  positive.  In 
other  cases  we  must  remember  that  if  the  resolved  part  ct  any  force  act  in  an  opposite 
direction  to  that  we  have  drawn,  it  must  be  conaidcred  negative ;  and  it  one  or  both  of 
tie  co-ordinalfls  nf  the  points  of  application  of  the  force  be  negative,  we  have  only  to 
the  negative  lign.     Substituting  these  signs  carefully  in  the  above  formula  w 


extend  them  so  as  to  include  every  possible 
ligid  body  in  the  same  place 

Ccntie  of  Gnwlty.  —  By 
Prop.  XVII.  we  found  that  if 
any  number  of  parallel  forcea 


number  of  forci 


direction  by  F„  V„  F„  &c^  P^ 
acting  on  a  ligid  body  in  Oie 
same  plane,  at  points  A„  A^  A„ 
&c,,  Jl„  be  referred  to  rectan- 
ular  aics,  and  a^,  y, ;  ^a  t^i 
«,,  y^ ;  &e.,  z,,  f/^,  be  tho  rectan. 
giilor  co-ordinatca  of  Aj,  A„  A,, 
ic,  A„  referred  to  these  oj^ca. 

Tho  resultant  force  will  b« 
equal  to  P,  +  P,  +  P,  +  P,, 
acting  in  a  direction  pantllel  to 
r„  Fj,  &c.,  and  applied  at  a  point 
whose  co-ordinates  x  and  ^  may 
be  found  by  the  fotmulm. 


I,  +  r,  a,  +  P,  I,  +  ^c.  4-  P„  g. 
P,  +  ^+ P,  +  ire,  +  f_ 
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p, + p,-i-  p,  4-  *»■>  +  p,   ^' 

From  these  fonnolie  it  ii  otmoiu  tlutt  the  porition  of  tlio  point  of  application  of  the 
raultant  of  the  paisllel  forces  is  independent  of  theii  directiOD.  Heoce,  if  each  of  the 
fiooes  lepresentsd  in  magnitude  and  direction  by  A,  P„  A,  F,,  A,  Fj,  and  A,  F„  be 
tamed  through  the  same  angle  a,  aboat  the  points  A,,  A,,  A,,  &c.,  i„  into  tlie  position 
ahoim  by  the  dotted  lines,  the  point  of  application  of  the  tcsuitant  will  not  moye. 
Foi  this  reason  thia  point  ie  called  the  etnire  of  the  paraiUl/oreet, 
Ve  bare  laen  (Fropertiea  of  Hatter,  page  12),  that  the  weightof  aheary  body  is 
[onduced  by  the  earth'i  attraction  on  each  of  the  material  particlea  of  which  it  ia  com- 
poeed,  and  that  this  attraction  ia  the  same  for  all  kinds  of  matter.  Hence,  a  cubic  incli 
of  iron  weiglis  mine  than  a  cubic  inch  of  wood ;  not  because  the  earth's  attraction  is 
greater  for  particles  of  iron  than  for  those  of  wood,  hut  becauae  a  cuhio  inch  of  the 
former  containa  a  greater  nomher  of  graritatiag  pajticlea  than  the  latter. 

The  attraction  which  the  earth  exerts  on  all  maesea  naar  its  surface,  on  account  of 
its  larger  relatire  mass,  is  so  great,  that  for  tH  maaaes  which  are  not  very  large,  we 
nay  neglect  the  attraction  which  the  particles  of  these  masses  or  those  in  their  neigh- 
bouriiood  ezsrt  on  one  another.  We  can,  on  this  account^  rapidly  determine  with  con- 
dderable  aceuiooy  the  direction  of  the  earth's  attnction,  or  gramts- 

Lot  a  amall  weight  of  lead  or  brass  P,  be  fixed  to  one  extremity  of  a  thin  fteiiblo 
string  A  P,  and  auspended  Irom  a  fixed  point  A.  The  we^ht  P,  afler  osoillating 
for  some  little  time,  will,  if  undisturbed,  rest  in  anch  a  pontion  that  the  stiing 
A  F  shall  point  to  the  earth's  centre.  Such  an  instrument  is  called  a  ptummtt  or 
a  piumh-lmt,  and  the  line  in  which  it  reita  tiha  ttrfical.  If  two  plumb-lines  be 
mspended  from  points  situated  at  difiercut  parts  of  the  earth'a  suifaoe,  they 
cannot  be  exactly  parallel,  but  must  malie  a  certain  angle  with  each  other,  unlesa 
the  one  point  lie  in  the  antipodes  of  the  other,  in  which  case  the  diiectiona  will 
be  in  the  same  straight  line. 

For  all  practical  purposes,  on  account  of  tho  comparative  greataeaa  of  the 
earth's  radius,  we  may  say  that  two  plnmb-liuea  of  any  ordinary  length,  auspended 
within  any  apartment,  however  large,  will  be  parallel  to  each  other ;  since  if  in 
still  water,  at  a  distance  of  300  yards  &om  each  other,  wo  were  to  sink  two  plum- 
mets amUe  and  ahalf  ia  length,  they  would  not  deviate  further  than  3  inches 
£n)m  perfect  parallelism. 

It  is  true  that  a  large  maas  of  matter,  such  as  a  mountiun,  will  slightly  deflect,  as 
according  to  the  theory  of  gravitation  it  ought^  the  plnmb-lioe  from  the  true  Tertical ; 
but  in  ordinary  cases  this  aoorce  of  error  may  be  neglected.  Again,  the  attraction  of 
the  earth  will  vary  according  to  the  distance  irom  its  centie  of  the  particle  or  body 
Mtracted ;  but  thia  variation  may  also  be  neglected  for  bodies  which  are  small  when 
compared  with  Ihe  mmnitude  of  the  earth. 

Hence,  ia  moat  cases,  even  such,  fbr  instance,  as  the  lai^est  line  of  battle-ship, 
without  introducing  any  sensible  error,  we  may  regard  the  attraction  of  the  earth,  on 
any  mass  of  matter,  as  acting  on  every  material  particle  composing  that  mass,  in  direo- 
tiona  parallel  to  the  plumb-line  suspended  near  it. 

The  eenlTxif  tht  parallel  fontt,  produced  by  the  weights  of  the  material  particlea  of 
which  any  heavy  body  is  composed,  is  called  the  centrt  of  gravity  of  that  body. 

Hence,  Prop.  SVII.  enables  us  to  find  the  position  of  tie  eenlie  of  gravity  of  any 
number  of  heavy  particlea  whose  weights  aud  positions  are  known. 
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From  tlis  propertJe*  of  tiie  tmtrt  afparalM/ertu  ve  hata  »fa«*d7  donumttnled,  it 
fblloTB  Uurt  Ilia  MHfrv  of  granbf  at  a  heavy  body  it  that  pniM  vilkiu  or  mHumt  iJu 
iedg  at  akieh  Iht  tchiiU  of  tU  tetigM  may  i*  eonetived  lo  act;  ami  tie  tody  uiU prodiut 
la  nueAanical  efiel,  <u  ifatvtrt  to  luppett  IkttehoU  ofittatigkt  eOBOtntrattil  in 

liatpoml.  TMb  EcoablM  ua  to  ext^id  Flop.  XVII.,  to  find  the  common,  centte  of  go- 
rity  of  Kmral  bodisc,  whoM  vcdgfato  and  ths  poiitian  of  whoio  isspectiTe  centr«i  of 
giKTity  are  knavn. 

Apdu,  beoaoBD  the  paiaUel  bioea  exerted  hy  ths  vsighti  of  the  material  partiolea  of 
A  body  tUI  bare  the  game  direction  in  whaterer  podtum  it  ij>  pUoed,  ita  centre 
of  gravity  vill  not  ohasge  it«  podtion  with  respect  to  the  body  lot  any  change  in  the 
pomtdon  of  the  body.  Hence,  if  the  centre  of  gnrity  bti  fixed,  the  body  will  balance 
about  it  in  erery  poaitioii,  because  the  retultaiit  of  the  weighta  of  every  one  of  ita 
elenientttry  particlea  will  paai  through  the  fixed  point  (the  cenbe  of  gravity)  in  every 
position  in  vhich  the  body  can  be  placed. 

JfiOPOSITION  XIX. 

^  aheatg  iBdyieiii  eqtiOiiriiiin  ahm  naptndcd  firarit  a  point,  or  vihai  retting  on  a  point 

M  eontMt  with  anefAn-  boily,  ita  utUre  of  gravily  mil  bfin  tU  vtrtital  lintpcutmg 

tSrough  tit  point  of  napentioH  or  oontaet. 

Let  Figi.  I,  3,  and  3  repnacnt  a  aeoticin  of  the  heavy  body,  taken  throu^  the  plane 

paning  through  ita  centre  of 

gravity  G,  and  ita  point  of 


In  Fig.  1  va  suppose  the 
body  ni^orted  by  a  pin  A  C, 
pealing  through  a  hole  at  A, 
about  which  it  can  move 
freely ;  in  Fig.  3  it  ia  au*- 
pcnded  from  a  point  at  A,  by 
a  itiing  fixed  at  0 ;  and  in 
Fig.  3  it  il  lopported  by 
another  body  wilh  vhich  it  ia 
in  contact  at  A. 

In  all  three  caaes  let  the 
'  vertiiad  be  represented  by  the 
^umb-line  A  B,  the  coitre  of 
gravity  must  lie  in  that  lioe. 
If  it  do  not,  let  it  have  aone 
other  poeitioD,  u  6. 
re  of  gravity,  the  weight  of  the  body  will  prodnoa 
Qie  ume  effect  upon  the  body  as  if,  being  destitute  of  weight,  a  force  equal  to  its 
wd^t,  acting  vertioallT  downwarda,  waa  ap^ied  to  ita  cen&e  of  grsTity. 

Let  6  W  =  W  represent  tU*  fbrce,  die  weight  of  the  body,  in  magnitude  and 
dlrectifm,  and  we  then  have  the  case  of  a  rigid  body  without  weight  in  equilibrium 
whea  acted  on  by  the  force  W  acting  at  G,  and  the  reaction  or  teneion  at  the  point  A. 
Through  A  draw  A  D  perpendicnlar  to  O  W  or  6  W  produced.  Then  by  the 
principle  of  the  trananniaion  of  fbrce,  W  may  bo  transferred  &om  G  to  B,  and  W  '  A  D 
win  be  the  moasiit  of  a  force  tending  to  twiat  the  body  round  the  point  A,  which  if 
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eoantenated  by  do  other  force.  Conaequently,  eqtdlibrium  oim  <mlr  exiat  ifW  oi  J,  D 
iMeqiuJ  to  nothii^.  But  by  the  tenuof  thepropoaildDii,  Woamiotbe«qual  to  nothing. 
Henoe,  there  van  only  be  eqoilitniuin  where  A  D  it  ncthing,  in  vhich  cue  0  muit  lio 
in  the  line  A  B. 

In  the  Bsme  muuier  it  eta  be  shown  (bit  if  a  heavy  body  bolince  on  a  given 
■trkight  line — aa,fiwinatance,tl)eiha[pedgeofuu)ther  body  which  ii  aitrai^t  line — 
its  centre  of  gravity  will  Ue  in  that  straight  line. 

If  any  homogcneoai  hekvy  body  be  of  a  fbm  whieh  i>  aymmetriaal  with  teapect  to 
ft  eertun  point  or  line,  the  centre  of  gravity  will  be  in  that  point  or  line ;  toi  the  very 
idea  of  Rynunebry  require!,  that  if  any  point  bo  taken  in  tLe  body,  there  muit  be  another 
point  in  th&t  body  equidistant  from  the  point  or  line  about  which  it  is  symmetri 
Hence,  since  the  centre  of  gravity  is  the  centre  of  the  parallel  forcea  pro^iced  by  the 
weights  of  the  matenil  pattiolei  compodngthe  body;  if  it  be  homogeaeoos,  that  ie. 
Gonqiosed  of  patiiclei  of  the  same  weight,  ond  distributed  unifonnly  thionghout  iti 


Fif.  1.  Fig.  J.  Fl«.  S.  Fig.*. 

sabatanoe,  any  one  particle  in  tbe  body  will  be  balanced  about  the  point  or  lino 
sroond  which  iU  fonn  is  symmetrical,  by  anotlicr  particle  equal  to  it  in  weight,  and 
eqnidiBtant  fnm  that  point  or  line. 

The  centre  of  gravity,  therefore,  of  a  sphere,  will  bo  the  centre 
f  the  sphere  )  that  of  a  cube  or  oblique  panl- 
lelopiped  [Fig.  1),  tlie  point  where  two  diago- 
intersect  each  ether.  TbecantieoC  gravity 
of  a  right  (Fig.  2)  or  oblique  (Fig.  3)  cylinder 
witl  be  in  the  middle  of  its  aiia ;  and  t^t 
of  a  ring  (Fig.  i)  will  be  the  centre  of  the  ring. 

The  centre  of  gravity  of  a  hollow  sphere  or 
cylinder  will  lie  the  some  as  if  it  were  aolid, 
piDrided  it  be  of  the  same  thicknesa  throughout. 
From  this  it  follows  that  the  centie  of  gravity 
of  a  body  need  not  neecMarily  be  a  point 

Ezp«TliB«nt*I  Dat«nalnfttlon  of  thm 
Oaittn  of  ChrKvity.— The  preceding  propo- 
HLtion  affords  a  means  in  many  instanoea  of 
determining  tlie  position  of  the  centre  gravity 
ofabodyexperimentally.  *«■ '■  ^-^ 

Thns,  if  a  body  be  soapanded  by  a  siring,  attaohed  to  the  point  A  (Pig.  1),  the  centre 
of  gravity  will  lie  in  the  vertioal  line  A  B  passing  throu^  tie  body  when  it  has 
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attained  s  podliDit  in  which  it  it  perfectly  at  leM.  Wb  aov  luapend  it  (fig.  i)  from 
another  point  C  ;  let  C  I)  be  llie  pontion  of  die  veitiixil  when  it  ii  at  ivst,  ihii  line  will 
inteneot  the  prerioui  line  A  B  in  the  poiat  Q,  which  will  be  the  centie  of  gravity  of  tlie 
bod;.  In  many  cMee  we  ihall  tlma  be  enabled  to  estimate  tbe  poaitiaii  of  the  oantre  of 
l^rarity.  If  the  body  A  C  B  D  (Fig,  2)  be  bounded  by  plane  aoifaceii  and  be  of  uniform 
thickaeaa  thronghont,  we  know  that  if  the  line*  A  B  and  C  Q  be  traced  on  both  parallel 
surfitcei,  the  centre  of  gravity  will  lie  in  the  middle  of  the  straight  line  joining  the  two 
points  of  interaeotiDa  of  theae  lines. 

To  find  the  centre  gravity  of  a  walking'itiok,  whieh  u  guppoied  to  be  tjnunetncal 


le- 


with  reapect  to  an  axis  paaaing  throngh  its  centre,  and  hu  a  heavy  head  or  handle,  wa 

have  Old  J  to  balance  it  oi 

the  ibarp  edge  of  a  body, 

aa  indicated  in  die  figure, 

and  we  know  the  cent 

gravity  will   lie   in   the  * 

point  where  the  vertical 

plane  paAung  through  the 

edge  interaeota  the  ax 

In  these  ezperimenl*! 
detsminationB  of  the  c« 
tre  of  grafity  it  doei  not  ■ 
signify  whether  iLe  body 


Aua,  the  adjacent  figurea  ahow  the  method  naed  by  Deaagnlien  for  eatimating  the 
centre  of  gravity  of  a  human  body  or  akeleton,  in  the  poiitioni  there  indicated. 

StaUe  knd  Vnatabla  EinlUbdn^. — TheoreticBlly  we  aay  that  a  heavy  body 
nder  the  action  of  gravity,  may  be  in  ei^uilibrium  in  a  certain  position,  tboti^  we  may 
not  be  able  praotiCBlly  or  experimentally  to  demanitiato  it,  because  the  slightest  dis- 
turbance of  the  poKtion  of  the  body  may  destzoy  tlia  conditions  of  its  equilibrimn. 
Thus,  Iheraetioally,  a  cone  will  be  in  a  poaitioa  of  equilibrium  whether  it  nat  on  a  table 
(Fig.  1)  on  its  apex,  or  (Fig^  3]  on  its  base.    In  the  foimer  case,  however,  the  slighteat 

ponible  movement 
o  the  one  aide  or 
tie  other  will  de- 
stroy llie  eqnili- 
brinm.  The  equi- 
,  librium  which  is 
theoretioaUy  but 
not  practically  pos- 
sible, is  cslled  vn- 
ttaiU,  while  that 
which  is  practica- 
ble is  called  iMk.  An  egg  will  rest  on  its  side  in  a  position  of  tIaiU  tguiliiritm, 
while  (he  attempt  to  bslsnce  it  on  ooe  of  its   eitremities  will  only  be  successtill 


(Fig.  I)  on  its  apex,  or  (Fig^  3]  on  its  base.    In  the  former  use,  how 
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CEKTEK  or  GRATTTT. 

bj  imitatiiig  the  well-knarii  method  Ckilomliiu  need  to  deitiof  its  mutaUe  eqm- 
IHntim.  A  hoiy  may  be  wid  to  be  in  ilailf  equHiiriim  if  nftei  a  alight  diBturbance  it 
b  pomtion  of  eqoilibriiuii ;  nnd  in  umtaili  tguiliiTium  if  after  a  alight  diiturb- 
ance  it  doaa  not  recorer  it  When  a  body  is  inpported  by  it*  cantre  of  gravity  it  will 
restineverypoaitiaiiaboutthatpaiiit;  Ihiaitaabeenailleiindi^eTtntigtnlitrium.  liaOf 
a  circle  er  any  plane  figure,  of  uoifonn  thicknesBj  will  rest  in  eveiy  poaitioD  on  an  axit 
~  ig  thioogli  its  ceatre  of  granty, 

PEOPOSITIOH  XI. 

Tht  tquilibrittm  of  a  tfidy  teill  ie  liable  er  umtahle  ateording  at  iit  emlre  of  gravity  it  in 
the  linveit  or  highal  potition  pmiiili. 

axis  at  A  (Fig.  1),  about 
which  it  is  capable 
of  moving  ireely, 
'\        or    lestiEg   or 
■\,     point  A  (Fig.  2), 
';    any  sligbt  disturb- 
,'    ance    will    canse 
;'     the  body  to  m 
.■■      to  the  right  or  left, 
tg  ahown  by  tha 
dotted   line*,  a 
the  centre  of  gra- 
vity to  describe  a 
■mall   arc  0  GK; 
but  the  centre 
gravity       having 
moved,     however 
slightly,       below 
the  point   G,   the 
tendency    of    the 
weight  of  the  body 
will  evidently  be 
to  remove  the  cen- 
tre of  gravity  fur- 
ther trrao  the  ori- 
ginal  pomtion  G. 
Pig.  I.  Tig.  i.  But  if  the  centre 

of  gravity  be  in 
its  lowest  position  G  (Fig.  3)  after  any  distucbonce  which  should  remove  the  point 
G  to  Q',  the  tendency  of  tiie  weight  will  be  to  restore  the  body  to  its  original  pod- 
tion,  and  (he  point  &  to  O. 

The  tendency  of  the  eentre  of  gravity  to  recover  its  place  if  removed  fhim  its  lowest  to  a 
higher  poution  is  well  iUnitiated  by  fi^Dg  the  half  of  Bbullet  (Fig.  4),  orany  hemispheri- 
cal heavy  metallic  body,  to  a  cylinder  of  cider-pith,  cork,  or  any  other  li^t  substance. 
The  centreof  gravity  cnTthe  whole  wiUUeeomewhereinthsheavy  hemisphere;  and  if  the 
cylinder  be  removed  to  any  podtion,  except  it  be  laid  almost  absolutely  on  its  aide,  it  will 
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(peedily  laeovm  Ha  upright  podtion,  u  shown  in  the  figure.  Toji  are  conitmctcd  on  um 
piinciple,  the  cylindor  buiiig  cut  into  the  form  of  s  Boldisr ;  i,  legimsot  of  tuch  mimic 
troops  being  pressed  neuly  to  the  ground  by  juaaing  >  gtiGk  over  them,  seem  immBdiAtelf 
to  tpriog  up  and  recorer  their  pomtioa  u  if  bymagio.  The  toys  called  ftimMm,  made 
of  plaster  of  Fsiii  irith  a  hemigphcrioal  bottom  loaded  vith  iron  or  lead  to  briiif  the 
centre  of  graTity  to  the  loweat  position  possibla,  also  owe 
tjheii  unonng  properties  to  the  same 
piinciple.  BcreeDs  have  berai  invented 
which,  by  this  eon- 
^  triTanoe,  right  them- 
selres  after  being 
pressed  dom.  The 
umexed  iUostratio&s 
show  hoir  a  pointed 
stick  may  be  easily 
balanced  on  the  tip  of 
tlie  flng«r  by  fixing 
tiro  pai-knirea  in  il« 
side,  thoB  oonTerting  Bo  unstable  into  alable  equilibrium ;  and  ho-w  three  pen-knives^ 
placed  in  the  poaitioii  A,  B,  C,  and  D,  may  be  kept  in  equilibrium  on  llie  point  of  a 
needle  held  in  the  hand ;  in  both  cases  the  centre  of  gravity  must  &11  belov  &a  point  on 
^uch  the  bodies  ara  balanced. 

A  mall  figure  A  with  its  foot  fixed  to  a  sphere  B,  through  which  passes  a  bent  wire, 
having  <wo  leiden  balls  C  and  D  attached  to  its  extremities, 
if  placed  looselyon  a  stand  E  will  q«edily  recover  it«  up- 
right podtioa  after  being  moved  &om  it ,  the  figuia 
being  so  conatnicted  that  the  centra  of  gravity  of  the 
three  bodies  A,  C,  and  D,  Mis  below  the  point  of  support, 
where  the  ^here  B  rests  on  the  stand  £. 

The  apparent  paradox  of  a  double  cone  ascending  an 
inclined  piano  by  il4  Own .  vcight,  is  produced  by  the  con- 
struction of  the  cone  and  plane  being  such  that  the  centre 
of  gravity  of  the  cone  resUy  descenda,  and  by  its  descent 
csuaefl  the  cone  to  ascend  the  plane. 

Construct  an  inclined  plane  of  two  equal  pieces  of  stnught 
wire  A  C  and  B  C  (Fig.  1),  fixed  at  their  extremities  to 
lliree  upright  pieces  AE,  B  F,  and  C  D,  standing  perpendi- 
cular to  the  horisontal  stand  DEF:  AE  and  BF  being 
equal  to  each  other,  and  CD  leas  than  AE  orBF. 

Let  H  be  a  doutde  cone  consisting  of  two  right  conea 
imited  together  by  their  circular  bases. 

IfthedistSDceABorEFbeequaltoorlesB  than  that 
between  the  two  vertices  of  the  cone,  and  the  difierence  be- 
tween AE  and  CD  leaa  than  the  radius  of  the  circolarbsae 
of  the  doulile  cone,  upon  placing  the  cone  near  C  with  ili  circular  base  between  the 
wires  AC  and  BC  it  will  roll  up  the  inclined  plane  till  its  eittomilioa  ore  stopped  by 
the  upright  aupporte  at  A  and  B. 

That  the  centre  of  gravity  leally  descends  in  this  case  will  be  readily  seen  by  the 
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linarj  ■sedan  of  tlie  mclineil  plane  through 
Jie  lines  G'  0,  0  D,  C  D,  O'  C  (Fig.  1). 
!)  tepre- 


must  be  leu  tlian  the  radios  &  M'  (Fig- 


igh  0  &lla  within  A  B,  and  in  Fig.  2  wilh- 

rad;  ia  eqairalent  in  bot^  caaeg  to  a  siiigle 
e  directiott  G  W. 

1  bf  the  reaction  of  the  plane,  and  tlie  body 
nent  about  the  point  B,  which  is  not  coiui> 
i  coiueqnently  the  body  will  tarn  round  B 
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tin  it  &11>  in  nclL  a  pontioti  that  O  W  will  lie  nitLin 

property  h  readiljr  ihaim, 
experimentally,  by  taMng  two 
oblique  cyUnden  (Figa-  S&t) 
of  Euch  leogtlia,  Uiat  the  verti- 
cal paeang  thTOng;h  the  centre 
of  gnvity  of  the  one,  when 
placed  on  a  table,  shall  fall 
wittuD  iti  diGulai  ba«e  and 
the  other  without.  The  ftar- 
mer  vill  Btand  and  the  latter 
will  fall  when  plac«d  with 
theii  circular  baaea  in  con- 
tact with  the  Ubie. 

If  the  sor&ce  on  which  the  body  reito  be  inclined  initead  of  horizontal,  the  Muua 


effi>ct  will  be  produced,  proridcd  the  body  bo  prerented  finm  iliding  down  the  inclined 
plane  by  friction  or  aome  other  fbne. 

Thna,  a  loaded  waggon  paasing  along  aj 
inclined  road  will  not  be  oyertum«d  lo  long 
■a  the  vertical  O  A  paaaing  thiou^  the  centre 
of  gravity  G  of  the  loud  and  waggon  &II1 
within  die  points  where  the  wbeela  touch  the 
toad.  Aa  soon  aa  the  inclination  of  the  road 
becomes  so  great,  or  the  pomtdon  of  the  cm 
of  gravity  of  the  load  be  auch  that  the  vertical 
ffllU  without  fliese  points,  the  wa^on  will  be 
overtumed. 

The  broader  the  base  and  the  lower  the  «en- 
tre  of  gravity  of  the  body,  the  firmer  will  be  ita 
■lability ;  a  waggon  canying  a  toad  of  atraw  ia 
more  likely  to  be  overtomed  than  if  it  were 
laden  with  an  equal  weight  of  iron  or  tMne 
other  heavy  material ;  becauie  in  the  firat  in- 
atance  the  distance  of  the  centra  of  £raTity  of 

the  load  and  wa^on  from  the  gromtd  u  much  hi^ier  than  in  the  latter. 
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The  nnmd  tower  which  il  the  belfiy  of  the  cathedral  at  Pisa,  ii  190  feet  high,  and 
deriateg  iiDm  the  peipendicular  ahout  14  feet.  At  Bah>giia  there  it  a  aqoaie  towei 
caUed  GariBeiida,  1 34  feet  high,  and  deviating  9  teA  from  the  perpendicolar.  Both 
these  huildiuga  are  supposed  to  owe  theii  inclination  from  the  deptenion  of  the  ground 
onder  their  foundatioiui ;  and  they  haye  not  been  orertiiown  becauee  the  Tertlcal,  paw- 
ing through  their  centre  of  gravity,  etiU  falls  within  their  base. 

Deaagulierg,  in  hia  "  Course  of  Experimental  Fhilosophy,"  haa  the  liillowing  intac- 
esdiig  obaervationa  on  the  position  of  the  centre 
of  gravit;  in  animal  bodies  when  at  rest,  or  iu 
motion,  in  various  positions.  "  Wlion  ve  stand 
upright,  with  our  feet  as  represented  in  Fig.  1, 
the  line  of  direction  (i,  e.  the  vertietd  poising 
tkrimgh  the  centre  of  ^ravify)  goca  through  the 
point  C  and  paseea  between  our  feet  to  D,  and  we 
may  move  onr  heads  from  E  to  F  or  G,  and  onr 
bodies  forwarda,  baukwaida,  or  sideways  aa  fer 
as  I  or  H,  without  danger  of  falling,  or  stir- 
ring our  feet,  as  long  as  the  line  of  direction 
tntverBea  no  Either  than  I A  or  H  B,  and  falls 
anywhere  within  the  space  A  B,  which  in  this 
sitiistion  of  our  feet  makes  a  pretty  large  base. 
But  if  we  set  one  fboC  before  the  other,  as  in 
Fig.  2,  a  little  push  sideways  will  make  the  line 
of  direction  (which  went  through  C)  &11  out  of 
the  base  to  the  riglU  or  left  towards  B  or  B ;  in 
which  caae  a  man  mnst  fall  if  he  does  not 
quickly  romove  his  feet  to   the   position  of  pig.  i 

Fig,  1, 

"  When  we  stand  upon  either  leg  we  must  bring  our  body  so  much  over  the  foot, 

tliat  the  centre  of  gravity  being  directly  over  it,  the  line  of  direction  may  go 
^(•j  through  the  sole  of  it ;  and  in  walking,  the  line  of  direction  must  travel  throogh 
__l^j    every  place  where  each  foot  is  set  down,  going  suoceBsively  through  tie  pointa 

E,  A,  D,  B  (Fig.  3),  while  tha  centre  of  gravity  goes  through  the  point*  G,  C,  F, 

&o.,  so  that  unless  a  man  in  walking  straight  forward  sets  one  foot  directly 
ilffl  before  the  other,  tlie  line  of  direction  will  not  describe  a  straight  line  upon  the 
i\iSif  plane  where  the  man  walks,  but  an  indented  line ;  that  is,  angles  to  the  right 
pjl~^_     and  left,  whilst  the  body  of  the  man  goes  on  in  a  waddling  motion.    Thia  we 

see  in  the  walking  of  M  people,  and  all  otiera  that  straddle  in  their  gait. 
The  lino  of  direetion  going  tlrough  the  points  A,  B,  C,  D,  E,  describes  a  atraight 
line  in  Fig.  4,  where  the  foct  are  set  before  one  another ;  but  when  the  motion  of  ono 
foot  is  in  a  parallel  line  with  tho  motion  of  tho  other,  an  indented  line  is  described  by 
the  motton  of  the  centre  of  gravity  above,  and  the  line  of  direction  as  it  cuts  t^e  ground 
at  A,  B,  C,  D,  E  (Fig.  6). 

"  It  is  not  strictly  true  that  any  man  in  his  commun  walk  sets  one  foot  so  exactly 
before  the  other  as  to  carry  on  tho  bottom  of  his  line  of  direction  in  a  straight  line  as 
represented  in  Fig.  4,  because  if  a  straight  line  be  drawn  with  chalk,  it  is  difficult  to 
walk  straight  along  it ;  but  the  plainest  proof  ia  the  observation  of  two  upright  stiuka, 
of  about  the  ueigut  of  a  man,  the  one  painted  white  and  the  otlier  bluck,  ami  set  up 
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about  t«n  fUdi  beyond  ooa  another,  in  tiie  lams  line  that  a  man  \ralkita«rBrii  them; 
for  in  Buch  a  oue,  though  hs  keep  one  eje  ihut,  the  Uit 
■tiak  will  appeal  sometames  on  the  right  ai 
tile  left  of  the  first ;  and  the  mora  so  the  nearer  the  man 
cornea  to  the  sticlCB.  Aope-danceiB,  indeed,  go  in  a  atnight 
line ;  but  it  is  vhat  thej  haTe  learned  bj  art,  and  inured 
themselvea   to   by  long  practiee ;   yet  Qiej  muat,  < 

after  all,  have  helps  to  keep  their 
centre  of  grarity  over  the  rope. 
They  generally  keep  t^eii  eyea 
OQ  lome  distant  point  in 
plane  as  the  rope.  They  hare 
commonly  a  long  pde  huded  at 
the  ends  vith  the  b 
B  f,  by  the  motion  uf  which  they 
can  alter  the  position  of  Uie  com- 
mon centieof  gravity  of  theirbody 
and  the  pole ;  as,  for  example, 
""U  tt?"  He  centre  of  gravity  of  the  rope- 

Mg.  B.  Fig.  4.  Hg.  ».  dancer  C  A  (Fig.  6)  being  at  A, 

his  line  of  direction  should  go 
Ef  from  the  rope ;  bat  by  moving  the  pole  towards  B,  the  commcm  centre 
of  gravity  of  the  man  and  p  ' 
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brought  to  C,  and  the  line  of  dirao- 
tion  C  O  goes  through  the  rope. 
Tho«e  that  an  well  skilled  in  tliis 


only  instead  of  a  pole;  and  it  is 
very  eommim  tixt  several  of  them  to 
dance  with  a  flag,  with  which  they 
strike  the  air  the  same  way  that  the 
centre  of  gravity  goes  when  the  line 
of  direction  does  not  go  through  the 
rope ;  and  by  the  reaction  of  the  air 
the  centre  of  gravity  is  brought  back 
>  its  proper  place. 

"The  ancienta  observing  that 
hones  and  other  quadrupeds,  in  gal- 
loping, lift  np  Ouii  two  fore  feet,  and 
then  t^eir  hind  feet  as  soon  oa  (he 
fine  feet  are  set  down,  did  imagino 

:  in  walking,  as  well  as  pacing 

trotting,  a  horsa  hss  two  feot  off 
of  the  ground  at  one  time  \  and  ac- 
cordingly in  their  bioaa  or  marble 

nee,  they  have  repreaented  their  horses  with  two  bgi  off  of  the  ground  diagonally 
opposite — as  the  right  before  and  the  left  behind,  or  left  before  and  right  behind.  The 
modem  statuaries  have  also  tkllen  into  the  same  eiror,  because  in  the  quick  walking  td 
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I,  lie  eja  eumot  well  diitrnguiah ;  and  tJierefors  Borelli  (i)«  tnMu  ammaiivm) 
laa  shown  tcom  mechanical  principles,  that  the  motion  of  raiaing  two  feet  at  once 
"  '  ig  cannot  he  c<HisiBt«nt  witht^  viBdom  and  aimplicity  of  nature." 

jCt  QB  connder  a  hone  ai  an  oblong  machine  eualsined  by  the  four  legs,  as  f 
3r  oolunuu,  nsting  on  the  points  A,  B,  C,  D  (Fig'  7],  which  make  a  reclmgiilftr 
qiudrilaleral  figure ;  then  the  line  of 
direction  will  &11  perpendicularly  on  £, 
a  point  in  or  near  the  centre  of  the  quad- 
rilateral figure,  which  will  make  the 
itation  or  standing  of  the  horse  &b  most 
firm.  Tho  progresstTO  motion  begins  by 
one  of  the  hind  feet — as,  for  example, 
tJie  left  hind  foot  C,  which,  by  Btnmgly 
presaing  back  the  ground,  moTee  for- 
ward the  centre  of  gravity,  and  conse- 
quently carries  on  the  Jiue  of  direction 
from  E  to  G  as  itself  moves  from  C  to  F. 
This  done,  the  foot  B  is  raised  and  carried 
forward  ai  far  as  H,  which  motion  of  tiie  foot  is  easy,  because  the  line  of  direolioD.  first 
falls  witliin  the  triangle  ABD;  secondly,  within  tbetrapeEinm  A  BFD — that  is,  the  body 
of  the  hone  ii  luatained  by  three  or  by  four  colunmi.  Lastly,  the  Uiree  feet  A,  D,  F, 
remaining  firm,  and  taking  t^ie  line  of  direction  at  O,  immediately  tlie  left  fore  foot  B  is 
carried  fbrward  to  H ;  and  by  tlie  impulse  already  made,  the  centre  of  gravity  is  also 
carried  over  I — namely,  the  central  point  of  the  rhomb  A  H  F  D.  The  motion  of  the 
two  left  feet  being  completed,  Om  impulse  and  motion  of  the  r^;ht  hind  foot  T>  begins, 
and  then  that  of  the  right  fore  foot,  and  so  on  in  the  manner  above  described,  as  the 
'imal  moves  forward. 

"  Ducki,  geeie,  andtbe  greatest  part  of  the  water-fowl,  whose  lege  are  set  wide  asunder 
the  convenience  of  their  swimming,  and  turning  quick  in  the  water,  have  always  a 
waddling  motion  apon  land ;  but  a  cock,  a  stork,  an  ostrich,  ani  most  other  birds  that 
re  not  web-footed,  walk  almost  directly  forward  without  waddling  {especially  when 
they  walk  slowly),  having  their  legs  so  placed  as  to  pnt  one  foot  before  the  other  witli 
greater  ease.  Thus  quadrupeds  seldom  or  never  waddle,  because  they  have  commonly 
three  feet  upon  the  ground  at  a  time ;  so  that  however  the  hose  receiving  the  lim 
direction  alters  from  a  quadrangukr  to  a  triangoloi  figure,  tliat  part  of  it  in  which  the 
line  of  direction  falls  is  always  in  or  near  the  same  line." 

"  Wben  a  man  stands  in  a  firm  posture  (Fig.  1}  A  B,  the  distance  of  his  feet  is  the 
length  of  a  quadrilateral  figure,  whose  breadth  is  nearly  the  length  of  the  feet,  and  D  is 
the  point  under  the  centre  of  gravity  C,  where  the  line  of  direction  falls.  Let  the  lines 
A  C  and  B  C  be  drawn,  then  let  these  two  lines  and  D  C  be  continued  to  the  points 
E  F  O  so  M  to  make  tlie  triangles  E  C  G  and  A  C  B  equal  and  umilar,  as  long  as  llie 
line  F  D  (or  a  plane  going  through  it)  cats  the  whole  body  of  the  man  into  two  equal 
ports,  tbo  centre  of  gravity  will  be  at  C,  and  C  D  will  be  ike  line  of  direction.  But  if 
the  body  be  inclined  towards  the  left  hand  H,  the  centre  of  gravity  will  move  &om  C  to 
H,  the  line  of  direction  will  become  H  B,  and  the  right  foot  being  easily  removed  &om 
A,  may  be  carried  on  beyond  B,  by  which  means  tJie  man  will  go  on  towards  the  lefL 
In  like  manner,  by  inclining  towards  I,  1^  line  of  direction  will  be  removed  to  I  A, 
and  the  man  go  to  tiie  right.    When  a  man  stands  upon  one  foot  it  is  witli  some  difficulty. 
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For  eiunple,  let  the  line  of  dicectioQ  be  C  D  (Fig.  3) ;  by  tbe  motion  of  tbo  blood  and 
longa,  and  other  animal  matians,  the  centre  of  grarity  viU  be  apt  to  yacillBte  or  totUf 
towtxia  F  or  G  on  either  lide  about  the  centre  of  motion  D,  There  sow  the  bite  ig  but 
imall.  If  tlie  line  of  dij«otion  comee  to  B,  the  man  mnst  &11  forwards,  backwarda  if  to 
E ;  and  though  A.  be  under  the  heel  of  the  loot,  yet  in  the  motion  of  the  uid  line  of 
direction  from  D  to  A,  the  body  will  be  apt  to  go  towardB  £,  and  so  bring  the  line  of 
direotioa  beyond  the  baae.  This  will  mora  probably  happen  ia  the  aide  motiim  of  the 
body ;  ao  that  the  body  will  be  is  danger  of  falling,  unleai  the  right  fbot  be  put  down 
tomnli  that  aide  where  the  body  inclinea.  Birds  stand  upon  one  toot  mnch  more  easily 
titan  men,  because  their  line  of  direction  being  much  shorter,  and  (he  base  of  one  foot  a 
large  rhomboidal  figure  made  by  the  four  claws,  the  line  of  diivctioQ  cannot  go  oat  of 
that  base,  union  the  centra  of  gravity  rise*,  which  is  impossible  without  a  liolent 

When  a  porter  cattiea  a  burden  upon  his  ahoulders,  he  must  stoop,  bacanse,  if  he 
should  stand  upright,  &e  commoa  centre  of  gravity  of  the  man  and  burden  would  be 
so  far  brought  back,  that  the  lino  of  direction  would  &11  behind  the  feet. 

PROPOSITION  ixn. 

A  ham/  body  r»t$  upon  a  horizontai  plant,  to  find  tht  prttmrei  pivdueed  hf/  itt  atyht 
upon  the  point!  cf  contact  by  tchicA  Hit  tupporltd. 

Wlien  a  hesTy  body  rests  upon  a  hoHzontal  plane,  the  pressures  prodneed  by  ila 
weight  on  the  points  on  which  it  is  in  contact  with  the  plane  can  be  determined,  if 
these  points  do  not  exceed  three  in  number.  When  the  points  of  contact  ara  mora  tbaa 
three,  the  pressure  apon  each  is  indeterminate. 

If  the  body  rest  iqwn  a  single  point,  it  ia  erident  that  the  pressure  on  this  point  is 
equal  to  the  weight  of  the  body. 

Whcm  the  body  rests  upon  two  points  A  and  B,  as  in  Fig.  I,  where  the  body  ii 
supposed  to  consist  of  a  circular  disc  and  a  cylin- 
drical stick,  fixed  perpendicularly  to  its  centre ;  the 
presSDiea  on  these  points  may  readily  be  deter- 

Let  0  be  the  centre  of  gravity  of  the  body 
resting  on  the  plane. 

Thii  body  ig  evidently  kept  in  equilibrium  by 
its  weight,  and  the  equal  and  oppoeile  reactions  pro- 
duced by  the  two  pressures  on  the  points  A  and  B. 

Tto  vertical  passing  through  6  must  therefore 
pass  through  the  line  joining  A  and  E  ^-  '■ 

a  p  Let  C  be  the  point  whew  1 

liR*  T  '     the  weight  of  lie  body  acting  si 

2)  wB  haye  two  reactions  P|  and  P, 
acting  upwards,  pcrpendicnlar  to  the  plane  at  A 
and  B ;  and  a  weight  W  equal  to  the  weight  of  the 
body  acting  downwards,  and  also  perpendicular  to  the 


I  l*t  U  be  tl 

*^'     the  weight  of  t 
from  Q  to  C. 
Then  (Fig, 


Pi  +  P,  =  W,  and  P,>  B  C  =  P,A  0. 
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Two  equatioiu  from  which  P,  and  F,  may  rsulily  be  determined,  when  (ha  position 
of  the  oontrs  of  grdTity  0  of  the  body  U  known. 

Th«  teactioos  F|  and  Fj  will  be  equal  and  opposite  to  the  preaiuraa  produced  by  the 
bodf  at  A  and  B. 

Wben  the  body  resta  upon  Uiree  pointa  A,  B  and  C  (Fig.  3),  we  may  still  find  Ibe 
premrei  produced  by  its  weight  on  Ihcie  pointa. 

Join  the  points  A,  B  and  C.  In  aider  that  tbeie  may  be  equilibrium,  Ihe  vertical 
paaaing  through  G  the  centre  of  gravity  of  the  body  must  foil 
within  the  triangle  ABC.  (Prop.  ZXI.) 

Let  C  be  the  point  where  the  Teitical  paaaiog  tbrougU  C 
eati  the  triangle  ABC. 

Join  A  C,  and  produoo  A  G'  to  meet  B  C  in  D. 
If  W  be  (he  weight  of  the  heavy  body,  we  may  transfer 
the  force  W  from  (r  to  C.    This  Corce,  aotiog  peqieadiculai 
Hg.  I.  downwards  at  C,  may  be  resolved  into  two  forces,  Wj  actiug 

at  A,  and  Wj  acting  at  D,  both  perpendicular  to  the  plane  of  the  triangle  ABC. 
■Where  Wi  +  W,  =  W,  and  W,-  A  C  =  W,-  C  D. 
The  force  'W,  acfing  at  D  may  again  bo  resolved  into  two  others,  W,  acting  at  B 
and  W^  at  0,  both  perpendicular  to  the  triaogle  ABC. 

■Where  T,  +  "W,  =  W„  and  ■W,-  B  D  =  W,-  C  D. 
From  thwe  equations  the  forces  "W^,  yf„  and  W(,  which  will  be  the  pceasurea 
exerted  by  the  heavy  body  on  the  pointa  A,  B  and  C, 
may  be  readily  determined. 

If  the  heavy  body  rest  on  the  plane  by  four  pointa 
of  iopport,  a»  •  (able  on  its  four  legs  A,  B,  C,  D,  Pig.  4, 
the  pressures  upon  these  points  will  be  indeterminate 
if  we  consider  the  body  perfectly  rigid.  . 

For  since  it  niay  be  supported  by  any  three  cf  the 
points  of  contact,  the  pressure  on  the  fourth  may  be 
either  nothing  or  eoma  finite  proportion  of  the  weight 
of  the  body.  The  method  used  in  the  two  preceding  oases  to  determine  tbe  pressures 
will  &tl  in  this.  The  only  condition  we  have  is  (hat  the  sum  of  the  pressnies  on 
the  points  A,  B,  C  and  D  must  be  equal  to  the  weight  of  the  body ;  and  if  we  eonaider 
(hem  as  weights  acting  perpendicularly  to  the  plane  on  which  the  table  rests,  the 
centre  of  gravity  of  these  weights  will  lie  in  the  vertical,  passing  throngh  the  centre  of 
gravity  of  the  table. 

The  same  reasoning  may  be  extended  to  the  oasce  where  the  pointa  of  contact  are 
more  than  four. 

TIu  Kftglc  Olocki — The  influence  of  tiiB  centre  of  gravity  on  the  poBition  of 
equilibrium  of  a  heavy  body,  which  con  only  turn  round  a  fixed  horizontal  axis,  is  well 
illustrated  by  an  ingenious  contrivance  called  the  magie  dock. 

A  transparent  glass  dial-iace  has  a  hole  pierced  through  its  centre  at  C  (Fig.  1) ;  in 
this  is  fixed  a  horizontal  aiis ;  «n  this  axis  is  placed  the  hour-hand  of  the  clock,  which 
can  move  &ocly  round  it  to  (he  right  or  lefL  The  extremity  of  the  baud  opposite  the 
pointer  B  is  tomunated  by  a  hollow  ring ;  in  this  lisg  there  is  a  heavy  spherical  ball  A, 
capable  of  moving  freely  round  it.  This  ball  is  made  to  move  uniformly  round  the 
interior  of  the  ring,  by  a  watch-movement  concealed  in  the  hand,  once  in  twelve  hoars, 
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in  the  direction  indicated  by  the  airoir  in  Fig.  1.  The  weight  of  the  ball  A  ii  m  pn>- 
portjoned  to  that  of  the  hand  with  itB  concealed  watch- 
work,  Qiat  vs  A  moTeB  round  the  interior  of  the  ring  0, 
common  centre  of  gravity  of  the  ball  and  band  would 
describe  a  circle  lOund  the  centre  of  the  axis  C,  i{  the 
hand  were  fixed  in  one  position.  Since  the  hand  can  mora 
freely  round  C,  fur  erery  new  poeition  of  A  (he  hand  will 

una  diat  position  which  shall  make  C  C  vertical  (Prop. 
XIX.)  Ai  A,  therefore,  ia  carried  round  the  ring  uni- 
fonnly  onoe  in  twelve  hours,  the  pointer  of  the  hand  B 
moyes  with  the  same  oniformity  round  tlie  dial  in  the 
apposite  direction,  and  indicates  the  how. 

The  ball  A,  and  the  watch-movement  which  causes  it 
to  turn  round  ihe  ring,  being  both  concealed,  iba  hand 

as  to  move  by  itself,  as  if  by  magic  The  remarkable 
property  that  the  hour-hand  being  made  to  move  by  your  finger  backwards  or  forwards, 
when  left  to  itaelf,  will,  aflet  a  fyv  oscillations,  resume  its  pomtian,  and  point  to  the 
correct  honr,  adds  considerably  to  the  illuaion. 

Let  D  (Fig.  2)  represent  the  centre  of  the  ring  round  whioh  the  spherical  body 


vig.i. 


Rg.!. 


circnlates;  A,,  die  centre  of  the  spherical  body ;  0,  tlie  centre  of  the  axis  round  which 
the  hand  moves ;  B,  the  centre  of  gravity  of  the  hand  and  its  concealed  watohwoA, 
excluMve  of  the  moveable  spherical  body ;  Gj,  the  common  centre  of  gravity  irf  the 
hand  and  spherical  body.  Also,  let  W  repiMeat  the  weight  of  the  2iand  ai^  works 
exclusive  of  the  sphere,  whose  weight  is  represented  by  W'. 

Then,  if  W  and  W  be  so  chosen  that  W  ■  B  C  =  W  ■  C  D,  the  commoa  centre  oi 
gravity  O,  of  the  hand  and  moveable  sphere  will  desoribd  a  circle  round  C,  if  the 
hand  be  mq>po«ed  to  be  fixed  while  A,  describes  a  circle  round  D. 

Let  A[  rejnssent  the  position  of  the  centre  of  (he  sphere,  when  it  lieB  in  B  C  D 
pvduced ;  G,  the  centre  of  gravity  of  the  hand  and  sphere  for  this  podtiim. 
Join  D  A^  C  Gj,  and  B  Gj  Aj. 
When  the  centre  of  the  moveable  sphere  is  in  the  position  Aj,  we  have  a  weight  W 
ctiog  at  B,  and  another  W'  at  A„  in  directions  parallel  to  each  other ;  and  tinoe  G 
lie  poaitiOD  of  their  resultant,  we  have  (Prop.  XI.) 

WBG,  =  WAiGi; 
bnl  by  the  construction  of  the  instrument, 

TV  ■  B  0  =  W  ■  C  D. 
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CBNTBE  or  aK^ynr. 

A,Oi       B  G  +  C  O,  „  A,  C  —  0  6i 

"  ITd'  "        B  C JTd 

reCD-BO  +  CD*OGi  =  AiCB0  — BC-COi- 
Or  0  G,  ■  (C  D  +  B  C)  =  (Ai  0  -  C  D)  B  C. 
AiidOO,-BD  =  A,D'BC. 

Wliea  the  centre  of  tlie  iphere  a  in  the  position  Ag,  wa  have  s  weight  W  acting  at 
B,  and  a  iraij^  W*  at  A^  in  parallel  directioiia.    Hence  (Prop.  XL)  we  haT« 
■WBa»  =  W-A,0,. 
Bat  W  •  B  0  =  W'  ■  C  D. 
„         BG,_A,G, 
='™»-BC  =  W- 
Therofore  Bne.  B.  tI  p.  2,  the  line  C  G,  ii  parallel  to  A,  D,  and  B  C  G,  t 
B  D  Ai  aie  ^milai  trimglei ;  and  conaequentlj 


C  O,  , 


B  0 


A,  D  ~  B  D* 
BatA,D  =  AiD.    HeneeOO,  =  4L^ 

A  iMfon  obtained  fbr  C  0[ 


A,D. 


Henoe  fbr  every  poeildoB  A^  of  the  oentis  of  the  moreable 
sphere  ont  of  the  line  B  G  D,  we  ihall  have  0  Q,  panllel  to 
D  A,,  uid  equal  to  C  G^. 

Ai  Ai  therefore  dettxilie*  a  dicle  round  D,  Q,  will  dewzibe 


a  circle  Tound  0  in  the  same  duvction,  and  unifbrmlj  with  it ;   the  ndina  of  this 
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ciitds  being  eqtul  ta  the  prodact  of  the  ndiui  of  tlie  dida  deoBrUwd  by  Ots  Mnbe  of 
ihe  ephere,  and  the  didanee  of  B  from  C  dinded  bj  B  D. 

Whan  &e  centre  of  the  sphere  is  in  the  pontion  A,,  the  brad  will  reet  in  nich  ■ 
portion  Oat  0  0^  ehall  be  Teitical  (Viof.  XIX.),  n  ibDirn  in  Fig.  3,  When  A*  rqire- 
Bcnts  tlie  poaitioa  of  tbo  centre  of  tbs  iphere,  C  Q,  vill  be  Yeitical,  and  the  hand  will 
reet  in  the  podtion  ihown  by  Fig.  4.  Heaoe  it  ia  evident  Qitt,  u  the  watoh-moTement 
conoealed  in  the  hand  csiuea  the  centre  of  the  iphece  to  move  from  A,  to  A^  the 
extremity  of  the  painter  of  the  hand  will  more  thivugli  a  aimiliLr  are  in  the  oppoaite 
direotion  round  C  ae  its  centre. 

MatliAnwUwl  PrtrmlintMoii  of  the  C*at»  of  Oxftwlty  of  «  Heawr 
Body. — The  application  of  Prop.  XVII.  to  find  the  centre  of  graTity  of  a  body  of 
uniform  or  variable  density,  in  meet  initaneea  requina  the  aid  of  the  difibrantial  and 
integial  oalonlui  before  we  can  airive  at  a  aolntion.  Ab  tliii  would  lead  ni  beyond  the 
limits  proposed  tor  the  matbemalical  departmeid  of  our  vori^  we  give  tt 
of  t^e  delennioatiiHi  of  the  oenCro  of  gravity  of  a 
tew  geometrical  fuims  and  selidi  of  uniform  den- 
sity, depending  apon  the  propertiea  of  the  centre 
of  gravity  demonitrated  in  Prop.  SIX. 

EiaufleI. — To  fitd  tht  ctnlrt  of  friaiify  of  a  tti- 

at^ular  plait  ^UHifona  tUcinttt  i»td  dtjuitg. 

Let  AB  Cbe  the  nufsce  of  the  triangular  plat^ 
bounded  by  two  panllel  triangular  Ikcea,  and  by 
parollelt^Tame  perpendicular  to  theae  &cea. 

Bisect  B  C  in  D.    Join  A  D. 

Throu^  )  any  point  in  A  B  draw  b  dc  pamllel 
to  B  C,  and  cutting  A  D  in  ii:  ^ 

Then  the  triangle  A  i  d  by  conitrnction  ig 
(dmilar  to  the  triangle  A  B  D,  and  tlie  triangle  A  il «  to  the  triangle  ADC. 

EenceEuo.B.vi.p.4,f^=*^.andAJ  =  ^ 

Therefore  ^  =  ^  but  B  D  =  D  C. 

Heace  bd'=^de;  and  so  it  may  be  ahown  Iliat  ercry  line  drawn  tlirough  any  point 
in  A  B  parallel  to  B  C  will  be  bisected  by  A  S. 

Now  we  may  conceive  the  biangnlat  plate,  whose  thickneaa  ia  uniform,  to  be  made 
up  of  a  number  of  extremely  thin  alioeg,  out  perpendicular  to  the  surface  and  parallel 
toBG. 

Each  of  tJiese  slices  being  symmatrical  will  balance  about  ita  centre,  and  fhereforo 
erety  one  of  them  will  balance  abont  a  line  diuwn  parallel  to  A  D,  and  pasting 
throng  the  centre  of  the  thickness  of  the  plate. 

Tia  whole  tmangolar  piafa  will  therefore  balance  about  this  line. 

Next  biaect  A  B  in  E,  join  E  C  cutting  C  D  in  O. 

It  may  bo  shown,  as  before,  tliat  the  triangular  plate  ABC  will  balance  about  a 
fine  paisllel  to  E  C,  pasaing  tlirough  the  centreof  the  thicknea  of  the  plate. 

Since  the  cootra  of  gravity  of  the  plate  lies  in  both  tlie  lines  passing  thiungh  the 
centre  of  the  thickness  parallel  to  CEandAD;  the  iaterseclian  of  these  two  Unea  m 
be  tlie  centre  of  gravity. 
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96  CBKTKE  OP  BEiViTl. 

HenM  A  pt^t  in  the  middle  of  the  tiiickneai  of  the  plate  beloir  6  vill  bs  the  ecntie 
ef  gTBTity  of  the  pinto,  provided  its  thiokneea  and  dend^  be  uniform  throughoiiL 

To  and  O,  join  D  £. 

Than  beeaiiae  A  B  is  bisected  in  £,  and  B  C  in  B, 

Therefore  Euc.  B.  vi.  Frope.  2  and  4,  £  D  is  paroUel  to  A  C,  tmd  B  D  =  ^  A  C. 

Hence  the  ingle  E  D  G  ^  angle  Q  C  A,  the  angle  at  G  ia  comioon,  and  theiefora 
the  triani^  E  0  D  ia  ffinilai  to  the  tiiangle  AGO. 

Therefcre  Em.  B,  vi.  P.  i,  ^  =  ^. 


OcDG: 


.AG-DE_ 


AQ-AO 


=  i.i^^  =  JAG, 
And  AD  =  AG  +  DO  =  2DG  +  DG  =  3DG. 
Or  D  G  =  i  A  D. 
Biixnx  ir,— lb  Jbul  the  tentrt  of  gTaviig  of  a  plate  of  itniform  thiehnm  and  dauftji 
ioundtd  iy  partita  plana,  whoM  i^per  atid  lower  swrfacet  lo'e  p(o'allthgrami. 
Let  the  parallelogram  A  B  C  D  represent  the  upper  aurCace  of  the  plate,  A'  B*  C  Q' 
the  loirer ;   the   other   boundary  planes, 
J  such  as  B  C  C  B',  being  perpendicular  to 
I   ABCD. 

Join  B  D  and  A  0  meeting  in  E,  B'  D 
and  A'  C  meeting  in  E'.  A  C  will  bisect 
all  lines  drawn  through  the  parallelogram 
parallel  to  B  D,  and  B  -D  trill  Haeot  all 
simikr  lines  drawn  parallel  to  A  C. 

Then  we  may  concaiTe,  as  in  the  last 

example,  the  plate  as  made  up  of  a  number 

of  parallel  plates,  each  parallel  to  the  plane 

about  a  line  diawn  through  the  centres  of  A  A 

EKHJ17. 

Again,  ve  may  conoeiTe  the  plate  as  composed  of  a  number  of  parallel  plates  parallel 
to  A  A'  C  C,  which  will  each  balance  about  a  line  drawn  through  the  centre  of  D  D 
and  B  B', 

Q,  the  intersecIJon  of  these  lines,  or  the  oentro  of  E  E',  will  therefore  he  the  centre  of 
gravity  of  the  plate. 

To  find  the  centre  of  gravity  of  the  eurfece  of  any  rectilineal  figure,  we  have  only 
to  divide  it  into  triangles,  find  the  centre  of  gravity  of  each  triangle,  enppOBe  weights 
acting  at  each  of  these  centres  of  gravity  proportionsl  to  the  aurfEice  of  the  triangle  at 
whose  centre  of  gravity  it  is  supposed  to  act,  and  then  find  the  centre  of  gravity  of 
these  weights,  which  will  be  the  centre  ot  gratity  of  the  figure. 

It  will  be  found  on  calculalion  that  the  centre  of  gravity  of  any  tiiai^ular  sur&ce  is 
the  same  as  that  of  three  apheres,  or  any  other  body,  whose  weights  are  eqoal,  placed 
with  their  cenbes  of  gravity  in  the  ""g"'"  points  of  the  triangle.  This  also  applies  to 
a  pftnllelogram,  but  not  to  all  four-sided  figures. 

ExuiWA  m.— To  find  the  tmtrt  of  gntoiiy  of  a  Homogeneow  solid  of  uniform  deimtp, . 
whotiform  i»4iat  of  a  pyramid  on  a  triangular  iaii. 

Let  B  C  fi  be  the  base  and  A  the  vertex  of  &e  pyramid. 

Bisect  one' of  the  aidea  of  the  base  DC  in  E,    Join  A  £,  BE. 
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Take  E  G,  me-tliird  of  B  £  and  E  G,  oue-tluTd  of 
Join  A  O,  and  B  O,  meeting  in  G„  6,  will  be  the 
In  A  C  taLeanypointe^  tluDugb-ednir  arfpanJ- 
lel  to  C  D  cutting  A  £  in  <,  and  A  f  parallel  to  B  C. 
Join  b  d  and  i  e  cnttiiig  A  Gj  in/. 

Then  Ihe  plane  }  c  IJ  is  eTidently  ptnllel  to  the 

plane  B  C  B,  and  tLe  line  b  t  parallel  to  the  line  B  E. 

Hence  tyaimaar  triangles  AEO„Ae/,  =-^  ^^Xe 

be  _\e 


«  of  gtaritf  of  tlie  pTismid, 


t£      AE 


and  by  sinulaT  triengles  A  «  i,  A  E  B, 

Therefore  ^  =  g^  bat  E  G.  =  i  B  E. 

Hence  c/=  Jof  i<. 

Again,  becaiue  cd  ii  panllel  to  C  D,  and  CDii 
biiected  in  E,  «  i  is  aleo  biiected  by  A  £. 

/therefore  is  tha  osntre  of  gnivity  of  the  triand» 
bed. 

In  a  rimilac  manner  it  may  be  shoHTi  that  the  centre  of  gravity  of  any  triangnkr 
allce  of  the  pyramid  parallel  to  B  C  D  muW  lie  in  the  line  A  6„  and  since  -we  may  con- 
cetTO  the  pyramid  made  up  of  ao  infinite  number  of  such  parallel  alicee,  the  cMtteof 
granty  of  the  whole  pyramid  must  lie  in  A  G,. 


ConsequenUy,  G,  the  intertection  of  the  linea  A  G,  end  B  G,  ifill  be  the  centre  of 
gravity  of  the  pyramid. 

Join  G,  Gj,  then  since  E  G^  =x  J  A  E,  and  E  G,  =  |  B  E,  G,  G,  ii  parallel  to  A  B. 
Conacquently  the  triangle  G,  G,  G,  u  similar  to  the  triangle  G,  A  B,  and  the  trianrie 
E  O,  G,  to  the  trian^  £  B  A. 

_        G,  G,      Q.  G,       .  G,  G,      E  G, 

Hence  -iS^  =  — t--'    and  -i-~i  ^~        '  —  i 
AG,         AB"'"aB'-BE~»- 

Therefbre  -^-^  =  J    and  Qj  Gj  =  }  A  Gj. 
Or  Gi  G,  =  i  A  0,. 

Heooa  the  centre  of  gravity  of  the  pyramid  is  found  to  be  in  the  line  joining  the 
yertei  and  the  c«  ■  ^  ■    '        ......  ...  ....._. 


reof  gravity  of  the  bau,  ftt  a  distance  of  a  fourth  of  iti 

ExiMKLB  lV.~3bJbid  the  Chiire  of  Gramly  of  any  Fyraraid  qf  mtlform  detaily, 
Kheee  haae  is  any  polygon. 

Let  A  be  the  vertex  of  Hm  pyramid  B  C  D  £  F  H  ita  polygonal  base.  Let  G,  be 
the  Centre  of  gravity  of  this  base;  join  AG„andin  AG,  lakeGiSothatGi  G,  =  J  AG,. 
Gjwillbe  the  centre  of  gravity  of  the  pyramid. 

Join  G,  with  eac^  of  the  angular  points  of  the  base,  through  Gg  drair  the  plane 
bedefh  parallel  to  the  bue,  and  catting  ABini,  ACiuc,  ftc,  and  joinG^c, 
Oarf,  &c.  *. 

Let  ^1  be  the  <«ntra  of  grayity  of  the  trian^  B  Gj  0,  join  A  g^  cutting  the  triangle 
«Q,«in?,. 

Then  aince  the  triangle  *  G,  e  is  parallel  to  the  triangle  B  Gj  C  and  G,  G,  =  J  A  Gj ; 
MECHANICAL  PHILOMf>HY.-N>,  IV.  H 


CENTBB  OF  OEATITT, 

:e  ji  i7j  ^  J  Aji  and  ji,  is  tbe  tentre  of  gravity  of  the  pyramid  A  B  C  Gj  on  a. 
angular  base  0,  B  C,  uidit  IIgb  in  the  plimo  bedefk.  !□  a  similar  mSDnei  it  may  be 
shown  that  die  ceatreB  of  grarity  of  erery  one 
the  triangular  pyramida  A  Gi  C  D,  A  Gj  D  E,  &c.,  into 
*"hich  lie  wtole  pyramid  may  be  dividedj  all  lie  ii 
t\ia  fUae  h  c  d  c  f  h. 

It  fbllowB,  therefore,  that  tbe  centre  of  gravity  of 
the  whole  pyramid  must  lie  in  this  plane. 

Again  the  plane  b  c  d  ef  hiiia  every  respect  si 

liir  to  the  base,  and  Gj  its  centre  of  gravity  will  ther&- 

fore  lie  in  tbe  line  A  G,.     In  like  manner  it  may  be 

shown  that  the  centra  of  gravity  of  every  section  ot  the 

pyramid  parallel  to  tlie  base  will  lie  in  AG^;  lience  the 

!,  centre  of  gravity  of  the  wholepyramidmustlie  in  AGj. 

■We  have  shown,  therefore,  liat  tbe  centre  of  gravity 

of  tho  whole  pyramid  must  be  in  the  plane  c  dtf) 

and  also  in  Iha  lino  A  Gj.     Hence  the  centre  of  gravity  must  be  tbeir  intersection  Gj. 

The  centre  of  gravity  of  any  pyramid  of  uniform  density  on  a  polygonal  base,  will 
lie  in  the  line  joining  its  vertex  and  the  centre  of  gravity  of  the  base,  at  a  distance  equal 
to  f  of  its  length  from,  tbe  former,  or  \  of  its  length  froni  the  latter. 

The  above  reanxiing  is  altogether  independent  of  the  number  of  the  sides  of  tt 
polygon,  and  since  we  may  conceive  a  curve  to  he  made  up  of  an  inSnito  number  of 
straight  lines,  or  a  polygon  hounded  by  an  infinite  number  of  small  sides,  tiie  above 
solution  enables  us  to  determine  the  centre  of  gravity  of  a  cone  with  a  curvilinear  base. 
Hence  the  oentM  of  gravity  of  a  right  or  oblique  cone  on  any  curvilinear  base  is 
found  by  joining  tbe  centre  of  gravity  of  the  base  with  the  apex  of  the  cone,  and  taiing 
a  point  in  this  line,  equal  to  ^  of  it^  length,  measuring  this  point  from  tli,e  centn 
gravity  of  the  base. 

Madilnea. — Any  instrument  by  means  of  which  a  force  is  communicated  from 

le  point  to  another,  so  as  to  keep  at  rest  or  set  in  motion  a  body  acted  on  by  another 

force,  is  called   a  machine.     The  simplest  of  thoso  instruments  ore  eord.i,  rods, 

hard  plants ;  and  these  by  their  combinatioiis  form  all  complex  machines,  however 

ions  their  forms  and  actions. 

In  statics  we  only  consider  machines  when  the  farces  actii^  upon  them  are  i 
■e  of  equilibrium ;  motion  wiU  ho  produced  by  an  addition  \a  some  of  the  forces 
which  produce  equilibrium.  But  the  discussion  of  this  branch  of  tbe  subject  belongs  tc 
dynamics. 

For  the  sake  of  simplicity,  and  to  enable  us  to  apply  the  theoretical  principles  wt 
have  already  proved,  we  consider  cords  as  being  destitute  of  weight  and  perfectly 
flexible,  rods  and  pUattt  as  perfectly  rigid,  inflexible,  and  without  weight.     When  ne 

r,  we  can  take  the  weights  of  the  elementary  parts  of  onr  machines  into  consideration, 
by  considering  their  weights  as  a  force  proportional  to  their  weight  applied  to  the  ce 
of  gravity  in  a  vertical  direction. 

We  also  neglect  llie  friction  of  all  surfaces  in  contact  witii  each  other.  It  is  evident, 
therefore,  tliat  our  machines  will  be  thcoretieal  ones,  which  cannot  exist  in  natnre, 
whose  properties  cannot  be  strictly  proved  by  experiment.  But  if  we  determine  the 
rigidity,  flexibility,  and  friction  of  the  substances  composing  our  machine  by  experi- 
ment, and  compare  the  force  exerted  by  a  real  machine  with  the  force  it  ought  t 
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-exert  by  theory,  we  niay  arrive  at  a  knowledge  of  the  retarding  forces  produced  by 
frictioa  OF  waat  of  fleiibility ;  and  thus  by  our  theoretical  knowledge  of  the  com- 
hinaljon  of  machines,  estdmate  the  forcea  produced  by  any  actual  eomplei  machine,  the 
friction  or  fteilbility  of  whose  oleraents  we  have  detennined.  (See  Priaivrt,  Teniion,  and 
TSexiMi  Cordi,  pago  41.) 

Mechanicftl  Fow«n. — The  Bimplest  combinations  of  tiiese  machines  are  called 
the  mteltnnUal pmeera.  They  arc  usually  regarded  aa  seven  in  number  ; — 1,  the  lever; 
2,  tiie  wheel  and  axle ;  Z,  the  toothed  wheel ;  4,  the  pulley }  5,  the  inclined  plane ; 
6,  the  wedge ;  7,  the  screw. 

The  wheel  and  axle,  toothed  wheel  and  pulley,  may  bo  regarded  as  modifications  of 
the  lever,  and  the  wedge  and  screw  as  particular  cases  of  the  inclined  plane. 

The  LeTeli — The  simplest  form  of  a  lever  is  a  straight  rod,  supposed  to  be 
infiexiblc  and  without  weight,  resting  on  a  fixed  point  somewhere  in  its  length, 
about  which  it  can  turn  freely,  and  having  two  forces  applied  at  two  olier  points  of 
the  rod. 

The  {Ixcd  point  on  which  it  rests,  and  about  which  it  can  turn,  is  called  \hofidnMm; 
one  of  tlie  forces  applied  to  it  is  called  the  poicer  and  the  other  the  Ktigltt.  The  dis- 
tances of  the  paints  of  application  of  lie  power  and  weight  from  the  fulcrum  ore  called 
the  artrm  of  the  lever. 

There  are  three  kinds  of  levers,  distinguished  hy  the  relative  position  of  the  poutr, 
tneight,  a.oA  fulcrum. 

Lever  of  the  first  kind.—la  the  lever  of  Hio 
flrst  kind  the  power  P  (Fig,  1)  and  the  weight 
W  act  in  tho  some  direction  on  opposite  sides 
of  (he  fulcrum  F.  A  crowbar  (fig.  2),  by 
means  of  which  a  man  raises  a  heavy  body  W 
hy  placing  one  extremity  B  under  "W,  and  rest- 
ing it  on  an  obstacle  C  while  he  pi^esses  tlic 
extremity  B',  is  an  instance  of  a  lever  of  the 
firat  kind. 

I         A  poker  is  another.    In  this  cafe  the  co^s 

i   form  tile  weight,  the  bar  of  the  grate  the  ful- 

I   crum,  and  tho  hand  tho 

'         The  spade  is  a  lever; 

the  ground  against  which 
1  it  is  pressed  when  the 
{  handle  is  depressed,  in 
j  order  to  turn  op  the  earth 
I   in  &ont  of  it,  being  t^e 

fulcrum. 
I         Scissors   and  caipen- 
I  tei^  pincers  are  examples 
[  of  double  levers  of  tho  Fig.  S. 

fintkind. 

Lever  of  the  leeondkind. — In  the  lever  of  the  second  kind  the  power  P  (Fig,  3)  and  the 

weight  W  act  in  opposite  directions  on  the  same  side  of  the  fulcrum  F,  the  weight  being 
!   neaier  to  the  fulcrum  than  the  power. 
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A  entting-faiife  (Fif .  4)  md  tea  oar 


I  of  leren  of  the  Becond.  kind,  bt  tho 
case  of  the  oar,  the  urm.  of  the  rower  is  £ho 
power,  the  prewnrB  i  ' 


boat  is  the  weight,  and  tbe  point  of  the  blade  of 
IJanuy  in  the  witer,  forma  the  fulcrmn. 

Natcrackor*  give  a  good  illastratioti  of 
a  double  Ictct  of  the  second  kind. 

Lever  of  tkt  third  imd. — In  the  lever  of 
tho  third  bind  the  power  F  (Fig.  5)  and  the 
weight  TV  act  as  in  tbe  second  kind,  in  op- 

ite  directioni  on  the  same  aide  of  ibe 
fulcrum ;  but  in  the  third  apeciea  of  lever 
the  power  ia  neater  the  fulcrum  than  the 
weight.  ^ 

Mot  muscles  in  animals  are  generally  ^ 
icBerted  near  the  joint,  as  in  Fig.  6,  and  act  | 
as  levers  of  the  third  kind ;  the  joint  forms 
the  fulcnun,  tbe  limb  which  the  muscle 
moves,  together  with  any  rcHstance  opposed 
ts  motion,  represents  the  weight,  while  the 
force     eierted 


for  a  moment  Bf 


iv'er,isalever 
the    third 
kind. 

A  pair  of  toDgs, 
the  third  kind. 


apair  of  sheep-shean,  afitord  familiar  ioBtancea  of  double  leveri  of  [ 
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PEOPOsmoN  sxiir. 


Tojbid  the  Oonditioiw  of  EqaUHrinm  and  tkt  Prtssart  on  the  Rilenm  whtn  two  ParalUl 
Ford*  aetm  the  same  plane  en  a  straight  lever. 

L«t  F  mnd  W  be  two  puillel  foroet  Mting  at  A  and  B,  on  the  itntight  lerer  A  £ 
vhon  falania  u  F  ia  each  of  die  fiires 
kind«  of  levers. 

And  let  A  F  and  W  B  [Fig*.  1,  2, 
and  3)  represent  these  farces  in  magni- 
tuda  and  direction. 

Id  order  that  t^ere  may  be  eqiiili~ 
briom,  the  reriltaat  of  the  tvo  parallel 
foioei  must  pan  through  F,  and  the 
presnue  on  thut  point  will  be  equal  to 
their  recnltAnt,  and  this  will  be  deitroTed 
b;  the  teaistanee  of  the  fulcrum. 

The  proposition  is  thereflira  reduced 
to  the  ease  of  Prop.  XI.,  whloh  vehaTe 
already  demoiutrated,  and  bom  thie 
we  RU7  leani  Out  the  preoure  on  F 
will  be  equal  to  P  +  V  acting  in  a  di- 
.  rootion  parallel  to  P  or  W. 
.Ind  also  ftatP  ■  AF  =  W- BF  or  ^ 

BF  ■ 

:=  v-rp;  m  every  ca«o. 

From  diia  we  find  &at  in  the  lever 
of  the  fint  kind,  the  power  nay  be  leu 
than,  equal  to,  or  greater  than,  the 
weight ;  in  the  second  kind  the  power 
is  always  less;  and  in  the  thiid  kind 
always  greater  than  &a  weight  ' 

In  the  preeeding  caeca  we  have  anppoied  the  lever  to  be  without  weight ;  we  shall 
show  how  to  take  the  weight  of  lever  into  consideration  in  He  cases  of  the  balance 
and  steelyard. 

PEOPosirroN  xxiv. 

TaJInd  the  Omditiotu  of  EquaHrium  of  duo  Fortei  aetUig  in  the  tame  piatit  on  a  Stnt 
Lever,  tchen  the  direetione  of  the  Foreei  an  not  FUrallel. 

Let  A  C  B  be  a  bent  lever  consisting  of  a  portion  of  a  plane  rigid  body,  suppoaed  to 
be  destitute  of  wei^L    C  the  fulcrum  about  which  the  lever  turns. 

A  and  B  the  points  of  implication  of  the  two  forces  repraseuted  in  magnitude  and 
directioii  by  A  P  and  B  W. 

The  efect  of  djesa  &rcei  will  be  to  produce  a  pressure  on  C ;  and  when  there  is 
equilibrium,  this  pressme  must  be  destroyed  by  the  reaction  B  of  the  fulcnm  C,  repre- 
svated  m  mapiitnde  and  dirsotMn  by  C  E. 

Let  a  and  B  be  the  angles  which  AP  and  BW  produced;  make  with  a  line  CX 


,  Google 
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o  the  vertical  C  Y  pasatng  through  C,     f1k 


:e  two  UBknown  quantities  which  ire  have  to  determine  :  through  C  6ia.v 
C  E  and  C  D  perpendicular  to  A  I'  and  B  ^V  ptod.icod. 

Wo  may  regard  our  lever  aa  a  rigid  body  kept  in  equilibrium  by  the  three  ftireea 
r,  W,  and  E.  RcBolving  these  fortea  into  fonts  parEilliil  to  C  X  and  C  T,  X,  B  "  ~ 
being  the  resolved  parts  of  P,  Xj  and  Tj  those  of  W,  and  X^  and  Tj  those  of  R, 

Taking  moments  about  C,  we  have  by  Prop.  XVIII.  the  following  conditions  of 
eqiiililiriuin : — 

(1)  X,  +  Xj  — Xi  =  0,  orReosfr+Wcese  — Pcflsa 

(2)  Tj  —  Ta  —  Ti  =  0,  or  R  sin  •  —  W  sim  fl  —  P  an  o 
And      (3)    P-CE  — W-CD  =  0. 
From  this  Iftrt  equation  we  obtain  P  -  C  E  =  W  ■  C  B,  or 

P  _  C  D       PerpendiculriT  on  direi-tion  of  'W 


■\V  —  C  E  - 
From  eqoations  (1)  and  (2) 
tude  and  direction  of  the  pressure 
the  direction  opposite  to  C  R. 

Transposing  equatii 


Potpecdicular  on  direction  of  P  ' 

!  can  determine  R  and  B,  and  conaequentiy  tie  magni- 

the  fiilcnim,  -which  will  he  equal  to  E,  and  act  in 


(1)  HEnsfl  =  PcoBa  — WoosP. 

(2)  R  ain  »  =  P  ain  a  +  W  sin  fl. 

Blvidisf  one  of  these  equations  by  t&e  other,  wc  havo 

.      „      P  sin  a  4- W  sin  fl      >  ■  .    .  , 

tan  e  ^  j; -^ ^>  which  detennmes  fl. 

Or,  adding  their  squares,  we  have 
If  (co8'fl+ain2fl)=P'(co8'«+Bin2o)+W(coa'fl+'Bin=B) — 3PW  (CO.  ocoafl— 
Hence,  Trigonometry,  pages  298  and  304, 

R»  =  P»  +  W"  —  a  P  W  eos  C«  +  fl), 
which  detennmes  the  magnitude  of  R. 

re  had  supposed  B  instead  of  C  the  point  of  application  of  du!  {idcnun,  and  taken 
tx  about  B,  ivo  should  have  had 


infl).. 
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P Ferpandii.'nUr  on  dlrectiiH 

S       Ferpendiuular  on  diroctioi 
Heoce  tlie  oanditian  of  equilibrium  in  a  lo*er  of  any  kind,  it  thai  tht  poicer  mtat  it 
to  tht  ifftight  mvtreely  aa  tht  perpmiieuiart  dnttmfrom  thtfulenm  on  their  direttient. 

The  best  lever  oridently  includes  the  itnight  one,  u  in  the  IntUr  IMM  A,  B,  and  C 
are  in  Che  same  straight  line. 

Tha  Bkitt-laTai  Bal>no«, — Thebcot-leTec  balnnce  ia  a  machine  vhlcb,  within 
oert«in  limits,  enables  lu  to  weigh  substances  -with- 
out the  use  of  weights ;  it  consists  of  a  bent  lever 
whose  two  aims  are  A  C  and  B  C,  ntOTMbU  about  a 
fulcrum  C.  The  fulcrum  C  is  fixed  to  a  itand  which 
oarriBB  a  graduated  arc ;  over  this  are  the  extremity 
B  of  the  lever  moves  us  C  B  turns  round  the  fulcrum 
0.  From  the  other  extremity  A,  a  scale-pan  £  ia  so 
euspended  as  to  hare  ita  centre  ii  "  ~  ~ 
the  lever  in  the  vertieal  posdng  through  A. 

A  weight  D  ia  fixed  to  the  izm  CD  so 
bring  the  eentre  of  gravity  of  the  whole  ley 

scale-pan  to  some  paint  below  llie  fulcmm  C :  the  magnitude  of  this  weight  it 
oming^d  that  the  extremity  B  of  the  lever  shall  point  to  zero  on  the  graduated  arc, 
when  the  scale-pan  is  empty  and  the  lever  in  a  state  of  equilibrium. 

To  graduate  the  arc,  weights  of  1,  2,  3,  &c.,  poiindB  or  ounces,  or  wbatevei  denomi- 
nation of  weight  the  instrument  ia  intended  to  indicate,  are  placed  succesaiveSy  in  the 
■cale-pan  ;  and  the  correap oading  points  of  the  arc  over  whioh  B  reata,  arc  marked  on 
the  scale  aa  1,  2,  3,  &c. 

This  balance  is  of  great  use  for  determining  quickly  the  weights  of  bodies  where 
extreme  nicety  ia  not  essential. 

To  explain  the  graduation  of  this 
balance  mathematically. 

Let  C  be  the  fulcrum  of  tie  lever, 
A  C  and  B  C  its  arms  •,  let  O  ii 
.  be  tie  centre  (tf  gravity  of  the  whole 
er,  eielusivo  of  tlie  acale-paa  and 
-c  by  which  it  is  suspended.    Let 
'W  represent  this  weight,   and  let 
CA  =  aandCO  =  i.    Abo  let 
S  represent  the  weight  of  tlie  scale- 
pan  and  wire  by  which  it  is  sus- 
pended, P  that  of  >  body  placed  in 
tLc  Bcule-pan. 

Let  6  he  the  angle  C  B  makes 
with  a  line  D  C  E  drawn  throu^ 
C  perpendicular  to  C  F,  the  vortical  pabsiog  Ihroiigh  C ;  fl  the  angle  A  C  makes  with 
DCE. 

Also  let  a  =  B  C  A  be  the  angle  the  arms  of  the  lever  make  with  each  other,  and 
let  a'^  ISO  —  a,andlctDand£bethepoint«irhere  the  vertical  lines  paaaingthroi^h 
A  and  G  cut  the  lino  D  C  E. 

Then  Prop.  XXIV.  (P  .)- 8)  ■  0  0  =  17-05, 


F 

\A 

E 

X. 

\ 

^■. 
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but  )9  =  BO  —  e  +  a'  =  90  —  (fl  —  a') ;  liBUW  COB  3  =  g 
Tharefcra  (P  +  S)a  sin  («  —  o-)  =  WA  cob  9, 
or(P4-S)«  {«ia><MBa'  — oos«tutB'}  =  WioM*, 
and tanflcos  a'  — 


-(FT^ 


Eenc«if  we  wiili  to  graduate  tha  bto  fbcpanodi^  ire  moit  take  FsucccHiTelfcqiud 

toO,  1,2,3,  £c.,ponnd«,inwluchcaK  tan  e  will  beauccesdvelfe^ualto-n- -j  +  tML**, 

■'f*  ,  .       .  "WJ  ,  .       .  W*         °°* 

(S  +  I)  ««<».'+""-•   (3  +  2).co..-+*^*''-{3  +  3j;^^3^+'^'''*='' 
where  W  and  S  repteaent  tihe  weight  of  the  leTor  and  eetile-paii  in  poocde. 

TIl*  Ooi^Hon  BftlMM*. — Xbi*  iustnuDsiit  u  populari;  called  the  latla,  or  a 
pair  of  icaht,  and  ia  perliaps  more  fre- 
quently used  tltau  any  other  for  dater- 
mining  the  wdghts  of  euhetances  or 
goods.  It  consiBtB  of  a  lerec  sopported 
on  an  aiis  or  fulcrum  equally  distant 
from  ite  two  extremities ;  under  each  of 
tiieise  extremities  a  duh  ia  suspended,  in 
one  of  which  the  nihBtance  to  be  weiglied 
is  placed,  and  in  the  other  the  weights 
by  which  its  vahie  is  delermined. 

The  lever  ia  ao  constructed  as  to  be 
capable  of  mCTing  on  itf  axis  in  a  ver- 
tical  plane;  and  when  a  given  w^^t 
is  placed  in  one  diah  and  a  subitaiuia 
equal  in  weight  to  it  in  the  other,  after 
Tibrating  lome  little  time,  it  asumei 
a  hoiixontal  position.  Wben  a  slight 
excess  of  weight  is  added  to  mther  dish,  the  lever  again  Tibratet  and  assume*  roch 
apoutjon  of  rest  that  the  exteemity  abtrre  the  disb  containing  on  excess  of  weight  ora 
the  other,  lies  below  the  horizontal  line.  The  lever  is  called  tbe  htm* ;  and  the  two 
dlahea,  lealt-patu. 

There  are  three  reqnintea  in  a  balance : — 

lini. — When  equal  weigbta  are  placed  in  the  scale-pans,  the  two  eitremides  of  the 
beam  should  rest  in  a  perfectly  horizontal  line.    This  ia  called  its  Aor^snCaJify. 

8iamd. — On  the  slightest  addition  of  weight  to  either  scale,  the  beam  shonld  lose 
Kb  horixontal  position.  TMs  is  called  its  utuibility,  and  is  meaanred  by  theamaUest 
weight  which  caiuea  the  beam  to  depart  iztsm  its  horiaontality. 

Hurd.—h&ec  any  disturbance  the  beam  should  asBume  s  state  of  rest  as  speedily  u 
posnble ;  this  is  called  its  tlability. 

We  shaE  now  proceed  to  consider  the  mathematical  conditions  which  most  be  satis- 
fied, in  order  to  obtain  these  requiaitei ;  for  this  purpose  we  most  first  confine  onr 
attention  to  the  construction  of  the  tfom. 
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Let  A  B  wpresent  the  beam,  G  ita  cenlie  of  gn-jity,  tnd  C  tlia  pdnt  on  which  ill 
axil  or  fulcram  i«  n^prated. 

Join  A  B,  and  produM  G  G  to  meet 
A  B  in  the  point  D. 

To  aeoiue  the  h«riitMtaIUg  of  the 
beam,  the  points  C  and  0  moat  not  coin- 
cide, for  if  they  did,  from  the  propertiea 
of  the  centre  of  gnivity,  we  ihould  have 
indifferent  eqnilihrium,  and  the  beam,  either  bj  iUelf  or  when  loaded  at  itt  extramitiea 
with  equal  weights,  would  leat  in  every  poaition  in  which  tin  line  A  B  might  be  placed. 
When  C  does  not  coincide  with  G,  by  Prop.  XIX.,  and  the  beam  ia  at  reit  0  G 
will  tsaume  a  Tertical  poaition ;  hence  in  oidar  that  A  B  may  be  horizontal,  C  D  mnat 
be  perpendicular  to  A  B.  In  order  that  this  horizontal  poulion  may  be  tluit  of  equi- 
librium when  equal  weight*  aie  smpended  from  A  and  B,  we  muat  alto  hare  A  D  =  B  D. 
The  axil  C  ia  generally  a  priimaUc  piece  of  metal,  which  pieroea  and  tlao  is  firmly 
bed  at  right  anglee  to  the  beam.  Thia  prkm  teata  on  one  of  its  edgeo,  technically 
called  tlie  knifa-edgt,  on  a  plane  or  cnrred  lurEioa,  so  placed  aa  a  support  on  each  ride  of 
the  beini,  that  the  edge  or  line  of  aupport  about  which  the  beam  oacillale*  ia  bttiaontal 
and  perpKodiciilar  to  the  plane  in  which  it  oaeiUatea.  The  aiia  might  be  a  cylinder 
ca  cone  working  in  a  wclul,  bat  tiie  btifi-*^))  ia  generally  preferred,  in  order  to  arcM 
fliction  aa  much  aa  pomible. 

Thaoonditioniof  isTHSMlBlifjrgiTBi^aTe  Mqnire,  thenlbn,  ttat  the  plane  passing 
tliiough  the  line  of  aupport  and  the  cen- 
tre of  gravity  of  flie  beam  shall  be  at 
ri^  an^ee  to,  and  alao  biseot,  the  line 
paaaing  llirough  ita  eitremitiet,  or  the 
points  trom  which  the  scale-puu  an 
suspended. 

To  determiae  the  other  two  condi- 
tiona,  retaining  the  same  lettan  as  be- 
fore, let  two  unpqnal  weights  P  snd  Q, 
represmted  in  nugnitiide  and  diieotioo 
by  AP  and  BQ,  be  auspended  l^omA 
andB. 

Letlbethe  angle  AB  makes  wiOt 
the  horizotilal  line  p'  ^  drawn  tiiningh 
the  point  D,  and  let  ^  f  cut  A  P  in  p  and 
AQin;. 

ThnwghCdnwjijparaHfll  to  ji'5',  aadcnttinBAPinp,  andAQin?.  LefW, 
mpi'Mtnted  in  magnitade  and  direction  by  O  W,  be  the  weight  of  the  beam  and  its  axfl, 
and  let  tbe  line  GW  cut  p  7  in  le,  j)'  }■  in  "■. 

AlBoletAD  =  DB  =  ii,  0G  =  *,  andCD  =  «. 

Since  CD  is  at  right  angles  to  A  B,  and  »  is  the  angle  A  B  makei  wlfli  the  hcri- 
MBtal  line  i^  ^,  it  wtll  riao  make  the  angle  (  with  the  Tertioalline  (K  O  V. 

Alao  beoauaep;  is  parallel  to  p'^  and  P/,  ic  u/ and  ;  ^  ate  parallri  t»  each  oatCT, 

rb^  the  meiMtita  rf  (he  ftree  fimes  P,  Q,  «ad  W,  about  the  point  C,  we  ihaH 
hare,  aa  a  oondllion  of  equinbriom. 
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'  W-C«  +  ll-C}  =  P-Ci>.  '• 

=  C  G  Bin  e  +  6  D  eia  e  +  B  B  CDS  0 
=:  *  Bin  e  +  (#  —  *)  sin  fl  +  a  CM  e. 
=;  0  Bin  »  +  "  =°"  *■ 
Agun  Cy:=jit(>  —  Cu'=:p'io'  —  Cw 
=yD  — a/D  — Cw 
^oomS  —  («  —  *)Bine  —  Jsinfl 
^acost  —  aaine. 
Also  C  w  =  i  mn  ». 

Subrtitating  the«e TsluoB of  Cj,  Cji,  and  Cwintheequation'W  ■  Cw  +  Q  ■  Cj  = 
P  -  Cp,  TO  bave 

W-isiDe-faCfeme  +  aCMtfjzzPCocose  —  SBinfl). 
Dividing  both  aides  by  ooa  0 

■W-iUnB  +  a(<'tan»  +  «)  =  P(fl— etanfl); 
Or  (W  i  +  a  e  +  P  e)  tan  fl  =  (P  —  Q)  B  i 

■*"*  F^  =  W4  +  (P  +  Q).- 

Now  the  lauibilUy  of  the  balance  for  a  given  difieMnce  of  P  and  Q  will  be  greater 
the  greater  the  an|je  0 ;  also  far  a  given  value  of  4,  the  senaitiility  will  be  greater  tlM 
Bmallar  the.di£ereneebetiTewt  P  andQ.  Since  tan  8  is  greater,  t^  greaterthe  angles, 
it  (bllovrs  that  ^-^      U  a  meaaure  of  the  senaibility  of  the  balance. 

Hbdco  the  greatest  sensibility  vrill  be  attained  when  gjv-i  _■   /!>  _i   |j\     ^  *■  great, 

lamaUng  this  ooIouIbUod  wo  have  neglected  the  friction  of  the  edge  of  the  fulcrum 
on  its  supports,  which  will  have  a  tendency  to  diminiah  the  senaibility. 

In  inBtnuneiita  where  great  acouracy  is  required,  such  aa  chemical,  philosophical,  and 
assay  bala:Dces,  this  irictiaD  is  diminished  aa  much  aa  possible  by  mnlting  the  knife  -ei' 
of  the  fulcrumof  hard  polishedsteel,  and  the  npport  on  which  it  rests  a  plane  of  polished 
agate.  Having  thiui  obviated  the  diminution  of  sensibility  due  to  this  friction,  it  ^ 
peon  htaa  the  above  expreraioa  fiu"  the  senaibility  of  the  balance,  that  it  will  bo  greaiar, 
the  greater  a  is  and  the  less  W,  A,  and  s  are. 

We  rnngt,  tlietefore,  make  the  beam  aa  light  and  as  ioug  as  we  possibly  can,  and  the 
distances  of  Q  and  D  from  C  as  small  aa  may  be  consistent  with  other  conditions. 

The  Bcale-pana  md  the  eoidj,  or  apparatus  by  which  they  are  suspended,  must  also 
be  made  aa  light  as  can  be,  oompatible  with  the  uses  (^  the  balance,  as  tbey  increase  the 
values  of  P  and  Q,  whose  sum  is  an  element  which  diminishes  the  sensibility. 

When  equal  weights  act  on  A  and  B,  the  ertremities  of  the  buam,  its  stability  is 
measured  by  its  tendency  to  reattme  a  slate  of  rest^  after  its  equilibrium  has  been  dis- 
turbed. This  tendeney  will  d^end  apoa  the  magnitude  of  the  snm  of  tha  moments.oT 
the  forces,  about  the  point  G,  for  any  given  posiUon  of  the  beuni  i.e.  fbi  any  particular 
value  of  0. 

The  sum  of  the  moments  of  the  thre«  fi«oe«  P,  Q,  and  W  about  C  when  A  B  i«  in- 
clined at  on  angle  0  to  the  horizontal,  or  C  D  at  the  same  an^  to  the  vertical,  will  be 
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W-C«+<i-C}  — P-Cp; 
or  Wi  gin  fl  +  Q  (e  Bin  fl  +  a  COB  9)  —  r  (a  COS  e  —  0  ein  fl). 

\TIica  P  aod  Q  are  equal,  this  expression  beromes 

W  »  sin  e  -I-  P  c  Din  »  +  P  <i  Bin  « ; 
or  (W  ■  4  +  3  P  ■  it)  Bin  fl. 

VHicn  0  is  zero,  sic  « is  siso  zero,  tmd  this  eipression  becomei  die  none,  ot  tlie  sum 
nf  the  momenta  ia  zero,  whieli  it  miiat  be  in  order  tliat  there  should  be  equilibrium. 
But  for  any  other  finite  Tslne  of  9,  the  magnitude  of  the  llMlily  will  be  greater,  ss 
W -i  +  2  Puia  greater;  that  ia,  as  W,  P,  *  and  a  are  greater. 

These  conditiona  are  contrary  to  those  required  fbr  seruitility,  whioh  for  any  giron 
value  of  a,  demand  that  W,  P,  i  and  c  ahoU  bo  as  imall  aa  poMibla. 

Hence,  while  the  arm  of  the  balan{^e  remains  of  the  lame  length,  any  increase  of 
>miibilily  is  made  at  the  expense  ol  its  liability ;  but  the  quantities  b,  e,  W  and  1' 
remaining  the  aaine,  we  may  increase  the  KnaiiHiiy  without  injury  to  the  slaiQUi/  by 
increasing  a,  or  the  length  of  the  arm  of  the  balance. 

Where  minute  differencea  of  weight  are  not  matleB  of  importanco,  and  qnicfcneaa  of 
determination  eawntltd,  as  in  weighing  substnnces  rapidly,  which  are  not  of  great  tsIdc 
in  pioportiim  (o  their  weight,  staMlitg  is  of  more  imporlanee  than  tentihUit^.  Tho 
rererse,  however,  is  the  caae  where  tho  substaoce  ia  of  great  vdue  in  proportion  to  its 
weight,  or  where  eitreme  accuracy  is  required. 

In  dl  that  baa  been  said,  it  must  be  remembered  that  the  weight  P  includes  that  of 
the  scale-pan,  together  with  tbe  apparatus  by  which  it  ia  luapcndcd. 

The  scrfe-pan  must  be  so  suspended  that  its  centre  of  gravity,  as  well  as  that  of  the 
weight  or  substance^  placed  in  it,  may  be  exactly  in  the  vertical  line  pasaing  through 
the  extremity  of  tbe  beam,  from  which  it  is  suspended.  From  tbe  malhcmaldcal  ex- 
pressions given  above  (tor  lemibUily  and  liability,  both  depending  opon  P,  it  follows  that 
the  same  balance  will  have  different  degrees  of  these  qaalities  according  as  it  ia  used 
for  determining  greater  or  less  weights.  The  quantities  of  substances  whioh  are  userl 
in  philosophical  or  chemical  balances  hcing  generally  very  small,  a  balance  which  is 
vary  acntible  when  no  weight  ia  placed  in  the  scales,  will  be  of  almoat  equal  ataiiililij 
for  every  weight  with  wbich  it  is  intended  te  be  used. 

A  needle  is  nanally  fixed  to  tbe  beam  in  the  direction  of  the  line  C  O,  which  points 
vertically  upwards  or  downwards  when  tbe  beam  is  in  a  horizontal  position.  A  graduated 
arc  or  scale  attaobed  to  the  support  of  tbe  balance  to  indicste  the  arcs  described  by  tho 
extremity  of  this  needle,  as  the  beam  oscillates,  is  a  very  convenient  addition.  When 
G  is  very  near  C,  the  oscillations  will  bo  very  slow ;  in  this  case,  the  equality  of  tbo 
weights  in  the  acale-pans  may  he  ascertained  by  means  of  tbe  index-needle,  before  tho 
balance  comes  to  a. state  of  rest.  When  the  weigbta  are  equal,  the  extremity  of  tho 
needle  will  describe  cqnal  arcs  on  both  sides  of  the  yerticol  line;  when  they  are  unequal, 
the  scale  which  preponderates  will  be  indicated  by  a  greateir  are  being  described  on  that 
side  Chan  on  the  other.  This  method  rendsra  itaHlit!/  of  much  less  importance  than 
■ensibility. 

Where  great  aucnraey  is  required,  the  Jurors  fbr  Philosophical  Instrnmcnta  in  tho 
Great  Exhibition  of  1 861 ,  in  their  Report,  recommended  the  disuse  of  thislong  indei-needle, 
almost  in  contact  with  tbe  graduated  arc,  and  the  substitution  iu  ita  place  of  a  graduated 
arc  attached  tooneendof  tkebeam.  This  arc  is  viewed  through  a  fixed  compound  micro- 
acope,  having  a  horitoMtal  wire  ia  the  fooos  of  the  eye-piece ;  or  by  a  mirror  attached 
to  the  beam,  in  whidi  the  reBeoted  image  of  a  scale  ia  viewed  throagh  a  t^escnpe. 
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a  fbnn,  under  til  &e  weights  U 


bj  irliich  the  knifisedgei  vMch 
which  they  pUy,  when- 
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In  very  accurate  mstrumentB  the  acaU-paiu  are  auipended  fium  steel  knife-edges 
restJDg  on  agate  plsoBs  fixed  to  the  eitramities  of  the  beam.  Tlis  balance  should  b 
conatraoted  us  much  aa  possible  ai  brass,  as  steel  and  iron  are  apt  to  acquire  magnetic 
propertiea.  Falladiuia  hsi  been  used  for  the  constnictian  of  the  beam,  and  plalinui: 
'le  preferred  for  the  scale-pima.  Whan  glaas  scale-pans  are  used,  care  must  be  tal 
not  to  excite  tlieirelecthcslpropcrliesi  a  diflerence  of  half  a  grain  may  be  produced  by 
le  of  the  glaai  scales  with  a  dry  ailt  bandterchieE.  In  ooDatmctiag 
the  beam,  care  miut  be  taken  by  making  it  hallow,  or  if  solid  by  cutting  oat  portion 
of  it,  to  secure  the  greatcBt  degree  of  lightncaa  with  the  greateit  length  of  arm,  which 
s  compatible  witjl  its  rigidity,  or  the 
which  it  is  intended  to  be  subjected. 

jUI  veiy  sengitiTO  balanoea  have  a 
■iqipoit  the  beam  and  acale-pana  are  lifted  & 

ever  the  inslzument  is  not  in  use.  Tlie  knife-edges  are  tjios  preserved  from  becoming 
blunt,  or  wearing  the  agate  planes,  and  the  beam  is  freed  as  much  aa  poaaiUe  from 
cvGiy  itmia  which  would  tend  to  alter  ita  shape. 

In  additioQ  to  all  theie  precautiona,  the  balance  ahould  be  enolaaed  ii: 
for  its  preaeiTaticn  from  dust  and  injury  :  to  prevent  error  frani  tbe  actio 
of  air,  a  window  at  the  aide  affords  the  means  of  introducing  weights  and  the'  substance 
»  be  weighed,  without  removing  the  case.  A  cup  containing  quick-lime,  or  aome  other 
powetful  abacnbent  of  moisture,  should  also  be  kept  within  the  case. 

~       '  la  constructed  a  balance  for  tbe  Boyal  Society  of  such  extreme  tuuMliit/,  that 
when  weighed  with  10  pounds,  it  turned  with  about  the  thousandth  part  of  a  grain. 

From  the  above  descnptton  it  ii  manifest,  that  the  conBttuotion  of  a  perfect  balanoe 
may  bs  regarded  as  impossible,  though  one  may  be  nearer  than  another  to  perfection. 
Borda  invented  a  very  ample  method,  by  means  of  which  very  accurate  results  may 
be  obtained  by  a  btdaooe  aufficieatly  tentitiot  and  well-coDstructed  on  its  knife-e^:a^ 
thon^  ttw  points  of  suspension  of  the  soale-pans  may  not  be  equidistant  from  its  fulcnini. 
Hie  ingudoua  device 
i«  to  weigh  the  article 
yrhoui  weight  is  to  b< 
determined  by  wcdghts  o: 
any  other  substance,  such 
as  sand,  placed  in  the  other 
scale;  when  equilibriu 
has  been  thus  obtained,  the 
article  is  removed  and  re- 
pkee^  by  weigbta  until 
equilibrium  has  been  again 
reatoied.  These  latfoa' 
weights  det«tmine  that 
of  the  article ;  and  thus 
any  error  arijdng  from  ir 
equality  of  the  arms  of  the 
balanoe  ia  eliminated 
n^  Ko^«n  Bta^Hjmxi.  m  B»l»B»e. — This  balance  conmsts  of  an  iron  01 
lever  A  B,  with  unequal  arms  A  C  and  B  C  reeling  on  a  fidcnim  with  a  knifb^ge  at 
C,  wbidi  plays  on  a  pivot  paasing  through  a  sti^oTt  held  or  su^ended  by  a 
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Ebova  ia  Fig.  1.  The  tnibsUnce  P  vhose  veight  is  to  be  determined  is  aiupended  fiom 
the  point  A  by  a  hook,  while  a  conBtant  weight  Q,  called  the  eounlerpoitt,  ii  attached  U 
a  ring  D,  vMidi  can  be  dipped  along  the  louger  utd  C  B.  The  edge  of  the  arm  C  B  ii 
RO  graduated  tliat  the  point  D  at  which  the  ccHmteipoiie  Q  suspended  from  it  bilancea  F, 
detenninea  the  weight  of  the  latter  in  pounds  and  ounces,  or  any  other  <!<mv«iieirt 
denomination  of  weight  for  which  the  steelyard  may  have  been  gradiiBt«d. 

The  iteelyard  i>  aomctimcB  fumighed  with  a  second  fulcrum  and  4>paratiu  tia  ita 
Euspenaion,  nearer  to  A  than  G ;  the  position  of  tbe  lever  ia  then  inverted,  and  anotliBr 
graduation  on  what  was  before  the  under  edge  of  the  ann  B  C,  giTsa  the  weight  of  P 
for  the  new  position  of  the  folorum.  The  same  inatnunent  hai  thus  two  different 
ranges  of  weights  for  the  same  couaterpoise,  the  folorum  nearer  to  A  being  nsed  for 
substances  lying  within  a  range  of  weights  greater  than  that  for  which  the  other  if 
gradiiated. 

To  Graduate  the  Soman  Sleelyard. — The  Boman  steelyard  may  be  regarded  as  s 
heavy  lever  with  unequal  arms  resdng  on  a  fulcrum  C. 

Let  W  he  the  weight  of  the  lever  and  the  hoot  or  aoale-pan  by  which  P  ia  suspended, 
6  thf  position  of  their  joint  centre  of  gravity,  Q  the  w^ght  of  the  ec 
with  tJie  ring  and  chain  by  whieh  it 


suspended  from  B  C. 

The  steelyard  may  now  be  coosiderad 
as  a  lever  without  we^ht,  whose  fulcrum 
B  C  (Fig.  2],  acted  on  by  tbree  parallel 
and  vertical  forces,  F,  W  and  Q,  at  the    *^ 
points  A,  G,  and  D,  rapteacnted  in  mag- 
nitude and  direction  by  lie  lines  A  P,  G  W,  add  D  Q. 
When  these  forces  produce  equilibrium,  taking  m 
P-AC=  ~    -  ~   ■    ■ 

=  P-AC  — W-GC 

orCD  =  ^AC  — 3gC. 
„  D^  &c.  (Fig.  3),  represent  the  distances  from  C  at  which 
Pi  P<     c      P         a      weights  of  one,  two,  three, 

3j  four,  &c.,  pounds,  or  any  other 

FiB'  S.  unit  of  weight  for  which  tlie 

steelynrd  is  to  he  graduated,  suspended  ftoia  A  arc  respectively  balanced  by  the  coun- 
terpoise  Q. 

Substituting',  therefore,  for  P  the  numbers  1,  2,  3,  4,  &c.,  and  Di,  D™,  D„  Dj,  &e., 
fbr  D  in  the  above  equation,  we  have 


CD,: 
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G  C,  and  make  B 


AC 


-,  whore  Q 
!  same  unit  which  ia  choBCD  fur  the 
;  B  D„  D,  D,  =  B  D„  &c.  D„  D^. 
luntci^ise  Q  will  balance  weights  of 


In  A  C  take  a  point  B  such  that  B  C  =  g 
repreaents  lie  weight  of  the  counierpoiBe,  iu  0 
praduation,  then  make  Dj  D;  :^  B  Dj,  Dj  Dj  : 
bj,  D„  &c.,  will  mark  the  pointa  at  which  the  i 
1,  2,  3,  4,  &o.,  pounds  suBptndod  irom  A. 

ForCr,  =  BD.-BC  =  ^-^GC. 

**         ^  AC       W„^ 

CDj=:BDj  —  BC  =  2BD,  —  BC^S-^  —  -^GC. 

CD3  =  BD,  — BC=:3BD,  — BC=:3  -^—  yOC. 

CD,  =  BD,-BC  =  4BD,-BC=z4^-jGa 

When  tha  inBtnunent  is  bo  conBtnictcd  that  the  centre  of  gravity  G  of  the  etedvard 
and  scale,  or  hook,  lies  in  the  verUcal  Une  passing  through  C,  the  quantity  B  C  or 
.ts  of  gradoafion  are  taken  at  equal  interrals  from  C. 
Balance.— Thia  instrument  differs  from  the  Roman 
steelyard  in  these  respects,  that  the  couater- 
"*fS  I*       poiac  is  fiied  at  one  of  its  eitromitieB,  irhilo 

the  fnlei-um  is  moveahle.  The  edge  of  tho 
Bleelynrd  is  graduated,  and  the  point  at 
which  the  fulcrum  is  placed  to  causa  the 
fixed  counterpoise  ta  balance  the  Bubslance 
icd,  narlis  its  value. 

-Let  P,  W,  ft  and  the  Straight  lines  P  A,  G  W, 
ntbis  case,  as  in  that  of  the  Roman  steelyard ;  in  this 

_  D  which  is  the  moyeable  point. 

Then  taMng  momenta  of  the  fbrces  as  before,  about  the  point  C, 


^  O  C  beeomsB  zero,  and  tho  poi 
The  Danlab  Steelykxd  a 


hose  weight  ia  to  be  det* 
To  Gradiate  the  Danii 
id  D  Q  represent  the  same  forccE 


P  ■  A  C  =  W  ■  G  C  +  Q  •  D  C 

=  W  (A  G  —  A  C)  +  Q  (.i  D  -  A  C). 
By  transpodtion  (P  +  W  +  Q)  A  C  =  W  ■  A  G  +  Q  •  A  D ; 
..W.AG+Q'AD 
orAL—        i>^-w^.Q      ■ 

Let  C„  C,  Cj,  C„  &e,,  represent  the  points  at  which  1,  2,  3,  4,  &o.,  pounds  will  be 
balanced  by  the  counterpoise  when  the  fulcrum  is  placed  under  (Jiese  points.  Hence 
substituting  C„  Cj,  Cj,  Cj,  for  C,  and  1,  2,  3,  4,  ic,  for  P  in  the  preceding  expression, 

~     "  G  +  ft-AT) 


ACi: 
AC,: 
ACj 
ACj  = 


1  +  W  +  G 
W  AG  +  Q- AD 

2  +  W  +  G 
_'W-AG  +  Q-AD 
—       3  +  -W  +  6 

•ff' AG4-Q-AD 
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The  Feciprocab  of  these  quAntitiei  are  in  arithmetical  ptogieMon,  and  therefore  tbs 
diataiLces  of  the  points  C„  C~,  Cj,  C„  &c.,  from  A  will  form  an  humoniol  progresajon. 
Ttaa  Bftluice  of  Qwlnteng. — Thia  balance,  named  alter  ita  inTentor  Qumtenz, 
in  frequently  employed  on  railways  for  det«rmining  the  weight  of  luggage,  and  a&ards 
a  good  examplo  of  a  combination  of  leven.     It  isrcprescntedinFig.  2.    Fig.  I  is  added 
for  the  purpoee  of  showing  its 
mechanism  more  clearly.    A 
platform  A  B  on  which  the 
body  Q,  which  we  wish  to  be 
weired,  is  placed,  a  fixed 
firmly  ta  an  niKight  piece  of 
framewoA  B  C.     B  C  again 
it  attached  rigidly  to  an  ob- 
lique piece  D  C  fijcd  in  D, 
as  shown  in  Fig.  1,  so  that 
the  whole  portion  A  B  C  D 
fonuB  one  rigid  and  iofleiible 
body.  ThiarigidpieoeABCD 
ia  supported  at  E  by  a  knife-edge  fulcrum,  resting  on  the  bar  or  lever  F  G,  and  at  D  by 
a  rod  H  £,  which  ia  finnly  fixed  to  D,  andsnspeoded  by  a  hoot  at  K  fi^nn  the  lever  L  M  N. 


The  whoh3  weight,  therefore,  of  Q  and  the  framework  A  B  C  D  rests  >on  the  points 


Lastly,  the  lover  L  M  N  is  supported  by  a  fulcrum  M,  which  ia  filed  to  the  framo- 
.  work  of  the  machine  ;  the  eitremity  H  of  t^  lever  has  a  scale-pan  suspended  from  it,  in 
which  weights  may  bo  placed. 

The  points  E,  L,  and  E  are  so  chosen  that  ^^  =:  p^. 

To  avoid  the  conaideration  of  the  weights  of  the  various  paria  of  this  machine,  we 
wUt  fuppose  that  the  weight  of  the  soale-pan  and  the  length  of  the  arm  H  N  of  the 
lever  L  M  N  have  been  ao  ohoeen,  as  t«  produce  an  *|ailibrium  of  all  the  parts  of  the 
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0  keep  I.  H  N  in  a  peifeotty  luniiontal  potition,  wltea  no  we^ht  U 
jjiaeed  on  the  pUtform  A  B. 

To  determine  llie  weight  F,  wliicli  miurt  be  pbced  in  t]ie  aoale-paa  snipended  fr 
S  to  balance  a  nibetanee  of  a  given  ireight  plaoed  on  tbe  platfcom  AB,  we  will  exaia 
tbe  conditions  of  eqnilibiiiun  ibr  tlie  aeveral  parte  of  the  machine. 

Letthewei^tg 
F  and  Q  be  repre- 
Bented  in  magni- 
tude anddirection 
bjNPand  SQ 
(Fig.  3.) 

The  weight 
of  the  anbatanca 

platform  A  B  be- 
ing  eqnel  to 
aingle  fbrce  S 
pasdng  throagh 
tbeTartioal  which 

lies  thrODgh  it«  oeotre  of  gravity,  will  be  balanced  bj  the  reaction  of  &i>  prea- 
:o  Bi  whieh  it  pioducee  on  the  fnloram  E,  rapresented  in  magnitude  and  dinction 
by  B  B„  and  the  reaction  Bj  of  the  teniion  it  produces  on  the  rod  H  £. 

The  pressure  B,  of  the  fulonim  E  on  the  lever  F  G  ia  kept  in  eqnilibrinm  by  tt 
reaction  of  the  pieBSUje  it  eierts  on  the  fulcrum  F,  and  the  reaotian  B,  of  the  tenmon 
it  produces  on  the  rod  G  L. 

Finally,  the  lever  L  M  N,  restii^  on  the  fulcrum  M,  is  acted  im  by  three  vertical 
forces  P,  B,  and  B,,  acting  on  the  points  N,  £  and  L. 

For  the  equilibrium  of  tbo  rigid  body  A  B  0  II  wo  have  as  a  condition 

Q  =  E,  +  B,. 
For  the  lever  F  E  Q  taking  moment*  about  E  we  have 
K,-EF  =  Bs-FQ. 


YR, 


r\g.». 


OrB,: 


FO 

1  ws- 


Lastly,  fbr  the  lever  L  M  N  taking  moments  about  M  we  hare 
P-MN  =  E3-MK  +  B3LM. 

MK-^+^   MX 


OrP 

Bnt  .yrpB-^  cTt^  hy  the  construction  of  the  machini 
Hence  P   15 
And^  =  . 


g- =  Ej  +  Bj  ■  g-p  —  Bj  +  E 


ME 


If  M  N  be  taken  ten  times  as  long  as  M  K,  wo  have  M  N  =:  10  M  K  and 
;  ^  10  P ;  and  in  this  case  a  weight  the  tenth  part  of  Q,  whoa  placed  in  the  scale-pan, 
will  produce  equilibritim. 

Instead  of  placing  weighta  in  the  scalD-pon  P  (Fig,  2),  the  arm  of  the  lever  M  N 
may  he  graduated,  and  used  as  a  Soman  steelyard . 
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Before  pUoiiig  •  body  on  the  platform  A  B  (Fig.  1)  whoee  weight  is  to  be  deter' 
mined,  it  is  neoeatar;  to  oltaerre  Thethei  the  aim  of  the  lersr  M  N  is  in  >  perfeotly 
horizanUl  position.  This  k  indicatad  by  b  horiiontal  pin  i  fixed  to  the  fimmework 
of  the  iustraineiil,  being  in  the  ume  line  with  &  eimilar  pin  fixed  to  the  aim  o ' 
0  level.  To  bring  tiiese  points  into  this  poaitioo,  amsll  weights  are  added  to  o 
taken  from  ft  little  onp  o,  plaoed  nader  the  paint  &am  which  the  scale-pan  is  nu 
pended. 

Kobarral's  Bklaaoe. — Many  of  Qm  balances  need  in  ehop«  ate  ooortmoted  oi 
the  principle  of  this  machiae,  which  is  interestdng  for  its  paradoxical  character.  It  i 
apparently  a  lever,  on  the  anns  of  which  if  two  weights  balance  each  other,  they  will 
atill  continue  to  do  so  from  whsteTer  points  in  those  aims  they  may  be  muponded.  The 
accompanying  diagram  will  give  an  idea  of  the  conatmctiou  of  this  nuchine. 

Tt  consists  of  fonr  ban,  A  B,  C  D,  A  G,  and  B  D ;  A  B  being  eqnal  to  C  D,  and 
A  0  to  B  D.  These  four  ban  are  united  together  by  four  pivots,  A,  B,  C,  and  D ;  they 
also  rest  apon  two  pivots  or  axes  E  and  F  fixed  to  on  upright  bar  !G  F,  retting  on  a  firm 
base  EH. 

The  liolei  for  the  pivots  ^  and  F  are  bo  placed  in  A  B  and  C  D  that  B  £  is  equal  to 
DF. 


The  ux  pivots  A,  B,  C,  D,  £,  ondF,  aresoconatructedlhatthebanmaymoTefreelf 
aboat  thoiD,  with  as  little  friction  as  possible,  in  the  vertical  plane,  while  no  lateral 
motion  ia  permitted.  From  this  construction  it  is  evident  that  whatever  position  the 
framework  A  B  C  O  may  assume,  when  weights  are  suspended  from  the  anna  S.  L  and 
UN,  the  lour  bars  A£,  CD,  AC,  and  BD,  will  always  form  a  parallelogram,  and  tl 
aims  E  L  and  M  K  retain  a  herizoutal  position. 

It  is  a  peculiar  property  of  this  machine,  that  if  two  weights  P  and  Q  balance  each 
other  when  suspended  fh>m  two  points  8  and  T  in  E  L  and  M  N,  they  will  also  balance 
from  whatever  points  in  £  L  and  H  N  they  are  suspended. 

To  show  the  properties  on  which  this  peculiar  statical  paradox  depends,  we  shall 
neglect  the  wughta  of  the  variiMU  parts  of  the  machine ;  or,  which  will  come  to  the 
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some  thing,  tuppOH  the  veighU  of  its  vaiioiu  puti  aa  eliaun  that  it  alull  ba  in  equi- 
librium for  eraj  poitioiL  in  -wliich  the  btioewaA  AB  C  D  can  be  pUced,  when  no 
wai^ti  are  Huipended  from  the  irau  K  L  and  M  N.  Wo  alio  naglect  the  fiiction  of  the 
mi  pirob!  A,  B,  C,  D,  E,  and  P. 

Let  two  ireifhts  F  and  Q,  repreaented  in  magnitsda  and  dinction  by  S  F  and  T  Q 
(Fig.  2),  be  suspended  from  the  anus  K  L  and  H  N  at  the  point*  S  and  I,  and  let  u« 
Buppaee  that  thef  balance  each  other. 

Alw>lettbediit«iicwA£andCFberepicaentedb7a,EBaiidFDb7».  SineeXL 

and  AC  are  ri- 


will  be 

teracted  by  the  equal  and  oppotite  leaotiou  B„  teprmeaiei.  in  marDitdde  and  direction 

byCE,. 

Again,  heeatiae  the  ban  B  D  and  U  N  are  rigidly  eoBneeted,  the  pnnare  of  Q  on  T 


tera 
by< 
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TiU  he  tniDsmitted  and  produoe  tiro  preasoiei  P,  and  P^  at  B  and  D,  wbtdi  will  bs 
counteracted  bj  equal  and  opposite  reactione  R,  and  B|. 

The  ban  EL  and  AC  are  kept  in  equilibrium  by  tba  tbiee foicea P,  B^, and Bj,  ast- 
ir^ at  S,  A  and  0  in  the  directioos  6  F,  A  K,  tmd  C  K,. 

Sesolving  tbe  fbreet  represented  bv  A  K,  and  C  B,  into  ii>e  vertical  and  borizontsl 
foroes  X|,  T,,  and  Z^  Tj,  represented' by  A  Si,  AYj,  CTj,  and  CX,  (Fig.  8), 

"We  shall  haye  by  Prop.  SVIII. 

P  =  Yi  +  Yj  and  X,  =  Xj. 

Tbe  couple  X,  .  AC  irhose  tendency  ia  to  twist  the  rod  A  C  is  entirely  deatroyed  by 
the  reaction  of  tiie  pivots  at  A  and  C,  and  the  forces  Yj  and  Y^  will  bo  equal  and  oppo- 
0  forces  which  icill  eiert  a  pressure  on  the  ettremities  A  and  C  of  t3ie  levers 
ABandCD. 

In  a  similar  manner,  by  resolving  the  forces  £j  and  B,  into  the  borizonlal  and  vi 
Ueal  forces  X,,  Y^  S.^,  and  Y(,  we  shall  have 

<i  =  Y3  +  YiandXi  =  Xi. 


d  He.4. 

Yj  (Fig.  *)■ 

HenceYi.,B  =  Y,.*. 

Also  for  the  lever  C  D  we  have 

Ti.a  =  Tt.b. 
Henoe  (Y,  +  Yj .)  "  =  (Y ,  +  YJ  J ; 
But  Yi  +  Ti  =  P,  and  Ya  +  Tj  =  0; 
ThM^ore  P  ,  a  =:  Q  ,  *. 
Provided  therefbre  ^t  the  pivots  are  strong  enough  to  reust  tlie  lateral  sbsini  i 
\g  on  thorn,  the  condition  of  equilibrium  for  the  machine  is  that  P  multiplied  by  a  shall 
be  equal  to  Q  multiplied  by  i ;  a  reault  entirel}'  independent  of  the  quantities  c  and  d,  oi 
of  the  distanoea  8  X  and  M  T. 

In  constructing  balances  on  this  principle,  a  and  6  are  taken  eqttal  to  each  other,  in 
which  case  E  and  F  bisect  A  B  and  C  D,  and  P  and  Q  are  equal. 

Wlta«l  and  Axl*,— The  second  mechanical  power  is  the  wheel  and  axle;  this 
machine  in  its  simplest  form  consists  of  a  circular  wheel  A  B  Brmlj  fixed  at  right 
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9  a  cjlinder   C  D  £  F   so   that   both   rsTolre   together  roimd  a 


ng.l. 


The  force*  P  and  W  are  suppowd  to 
beappliedby  weiglita  suspended  from  one 
extremity  of  the  cord  wiapped  round  the 
irheel  or  cylinder  to  which  the  other 
eitremity  in  attached.  The  forces  by 
this   contiiTimcG  always  act  at  right  ^ 

angh^a  to   the   circiunfeiGiices  of   the 
vbcci  and  cylinder. 

»rds  are  supposed  to  be  per- 
fflotly  flenible,  incrtensible,  and  dcsti- 
le  of  weight.  Their  friction  on  the 
lurface  of  the  vhecl  and  axle,  as  well 
aa  the  magnitude  of  their  diameters,  is 
also  neglcctod. 

Fig.  2  represents  a  section  of  the 
wbccl  and  cylinder  perpendicular  to 
their  common  axis. 

Let  A  B  be  the  radius  of  the  wheel  and 
L  C  that  of  the  cylinder  or  aile.    Since 
the  forces  P  and  Q  always  act  at  ligbt  angles  to  the  circnmrerence  of  the  wheel  and  azie, 
the  force  P  may  be  represented  in  magni- 
tude and  direction  by  BP  alright  angles  to    I 
A  B,  the  force  W  by  C  W  at  right  angles  to 
AC.  ■  I 

When  these  forces  produce  equilibrium,    ' 
taking  moments  about  A  we  haTS 

P.AB  =  W.AC„f=^, 
that  is 

Theforceactingon  the  surface  of  thowheel 
The  force  acting  on  lie  surface  of  the  axle        f 
radius  nf  axle 
radius  of  wheel " 
This  machine  is  only  a  modification  of 
Hg.  2.  *be  lever ;  for  referring  to  Fig.  2  we  may 

consider  it  in  its  position  of  equilibrium  aa 
a  bent  lever,  whose  arms  are  A  B  and  A  C  and  whose  fulcrum  is  A. 

When  it  is  in  motion,  we  may  regard  the  wheel  and  axlo  as  made  up  of  ft  ntunber  of 
spohes ;  these  spoltcs  come  suecesaively  into  action  as  levers,  and  thus  die  advantage  of 
an  endless  leverage  is  produced,  and  the  power  and  weight  each  act  constantly  in  a 
straight  line  instead  of  describing  circular  area  as  in  the  common  lever. 

Instead  ofthe  wtcel,  one  or  more  bars  arc  sometimcBEiedat  right  angles  to  the  oile, 
and  these  are  oflen  so  disposed  as  to  ollow  several  men  to  act  al  once  on  the  ma- 
uhine.  When  the  aiis  of  the  aile  is  Horizontal,  a  bar  fixed  at  right  angles  to  the 
^itreniity  of  the  bar,  forming  what  is  called  a  winch,  forms 
applying  the  foi'ec. 
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When  the  uU  ia  boiizontal,  ss  ia  Fig.  3,  the  HMchiiw  ia  called  •  uinditm ;  irhcn 
vertical,  as  in  ^ig.  i,  a  cofufan. 

TaoUied  Wbeela— Tho  t^hird 
mechanical  power  ia  the  toothtd 
tchetl,  and  i>  eiteoeivel;  iiaed  in 
the  canatnicUon  of  cranes,  clock  and 
waUhwork,  and  almost  evciy  va- 
riety of  machineiy. 

Toothed  wheels  coasut  of  thin 
'    cylindeta,  having  theit  circumfur- 
es  indented  or  covered  with  pro- 
jections called  teith  or  cegt,  act  at 
equal  distances  fium  each  other.  ^  - 

If  two  such  wheela  hare  their 
axes  placed  in  such  a  position  that  ^' 

the  surfkcos  of  the  wheob  may  be  in  the  same  plane  and  tho  edges  of  their 
tijeth  touch  each  other,  ai  in  Fig.  I,  and  one  of  the  wheels  be  taode  to  revolve  round 
its  Biis,  its  teeth  will  act  in 
succession  on  the  leeth  of  th 
other,  and  cause  it  to  revolve 
round  its  axis  ia  an  opposite 
direction. 

To  dKtermine  the  condi- 
tions of  equilibrium  for  this 
machine,  wo  will  anppose  A. 
and  A'  to  bo  the  aies  about 
which  tho  wheels  revolve, 
and  the  weights  F  and  yf 
which  produce  equilibrium 
to  be  attached  to  the  czi 
C]|,  4.  mitics     oF     cords     wrapped 

round,  and  having  their  other 
extremities  Kutened  to,  cylinders  fixed  perpeadiouhuiy  to  the  wheels,  and  having  a  com- 
lOn  axis  with  them. 
Let  A  B  and  A'  B  be  the  rndii  of  these  cylinders. 

The  weight  P  will  communicate  a  tension  to  the  ropo  B  P,  which  will  produce  a 
pressure  on  the  cylinder  A  B ',  this  pressure  will  be  communicated  from  the  cylinder  to 
the  point  C,  where  the  tooth  of  the  wheel  C  E  is  in  contact  with  the  tooth  of  the  wheel 
\'.  In  a  similar  manner,  the  pressure  pipduccd  by  W  on  the  cylinder  A'  B'  will  bo 
communicated  to  the  same  point. 

These  two  pressures  at  C  will  act  perpendiculaiiy  to  the  surfaces  in  contact,  u 
rhen  there  ia  equilibrium  they  will  destroy  each  other ;  consequently,  they  will  be 
equal  and  opposite  to  each  other.    Let  these  pressures  be  represented  by  B,  and  their 
magnitudes  and  direction  by  C  R  and  C  B'. 

From  A  and  A'  draw  AS  and  AD'  at  right  angles  toCR,  and  join  AA.'  cutting  CB  in  F. 
The  ffboel  AE  is  kept  in  equilibrium  by  the  faree  F  acting  in  the  direction  BF,  and 
11  in  the  direction  CS ;  and  the  wheel  CE'  by  the  force  W  ia  the  direction  B'W  and  B 
in  the  direction  GB' 


„Gooj^lc 


TOOTUKD   WHE£U. 


Hence  takiitg:  momenti  about  A  ws  Jibvs    P  .  AS  :=  It  •  Al> 
And  talung  moments  about  A'  we  haro        W.  A'B'=:  It  •  A'D' 


In  the  two  triau^  ASF,  A'DT,  the  aoglci  at  D  and  D'  am  rigbt  angles,  and  the  angle 
DPA=:  angle  D'FA';  heneo  tho 
triangles  are  ainular,  and  there- 


aB^~  at 
and  mhntitnling  thU  value 


AF     A'B' 


Fig.  1. 
■.6  tJie  interrala  between  tbe  teeth  n 
vork  through  a  whale  rsTolution,  the  n 
portional  to  tbeii  reapectire  circumfcrenci 


WAf-  aB 

If  we  mole  AB  =  A'B',  the 
effect  of  the  combination  will  de- 
pend upon  tho  teeth  of  the  whoela 
and  their  radii  only,  and  tbeu 
P  _  AF 
TV—  AT 
Vlien  Ae  teeth  are  soiall  Ii 
compariaon  with  the  radii  of  the 
wheela,  AF   and    AT   will   be 
Dearly  equal  to  these  radii.    And 
t  ho  equal,  in  order  that  the  wheels  may 
ibcr  of  teeth  in  each  wheel  willAo  pro- 
Henee  in  thia  case 


cnmferpnce  of  CE nnmber  of  teeth  in  CE 

cunilKiouwi  of  CE'       niunber  of  teeth  in  CE' 

The  edges  of  the  teeth  which  cmne  in  contact  with  each  other  ate  sometimes 
fbrmed  of  cnrrea,  which  are  portions  of  the  curve  called  the  involute  of  a  circle. 
thia  case  the  point  C  retaina  the  some  poution  throughout  the  whole  reTolution  of  the 
wbeeL  The  discussion  of  this  property,  aa  well  as  the  best  form  of  tho  teeth,  requires 
a  greater  knowledge  of  the  higher  branches  of  geometry  than  can  be  assumed  in  aa 
elementary  work. 

When  the  number  of  teeth  iu  a  wheel  if  small,  the  wheel  is  called  a  ptiUm  and  tho 
teeth  Itacei. 

Tbe  axles  about  which  the  wheels  roTalve  may  be  placed  at  right  angles  to  each 
otbex,  as  in  Figs.  2  and  3,  or  inclined  at  any  angle  to  each  other  as  in  Fig.  i.  | 

In  Figs.  2  and  4  tbe  pinions  an  placed  on  tho  surfaces  of  Ihutrums  o{  cooes,    \ 
whose  axes  coincide  with  those  of  the  wheels :   the  wheels  aro  then  called  ieveiUd 
foheti:     When  the  tcoth  project  from  the  edges  of  the  wheel,  it  is  called  a  spur 
■wiaA ;  when  tliey  project  from  the  surface  of  the  wheel  as  in  Fig.  3  it  is  called  a 

Tbe  teeth  in  which  those  of  one  of  the  wheels  work  may  be  placed  along  the  edge 
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>f  astrnight  bnriiutoad  of  tliBBiirbsa  of  >  ojUailer,  twinFigii.  6  uti6;  tiisbu'  beini; 
10  confined  u  to  alloT  it  only  tomareiuthediiectioBirfitaleagCli.    The  airangement 


D  Fig.  5,  where  tho  irlieel  is  mode  to  revolve  bf  a  winch,  iii  oilled  aj'act,  and  ii  ol 
emplojed  fur  raiung  hcaTy  weights  a  email  height. 


I         "Wboela  ue  somettmei  tamed  hy  simple  contaot  with  osch  other,  as  in  Fig.  7 ;  and 
«rtien  thcj  are  at  a  distance  from  one  another,  as  in  Fig.  8,  they  may  be  mode  to 
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on  each  other  bj  r  band,  stnp,  or  ohain  pi«»mg  otbt  Mid  in  olo«  oootact  with  a 
portion  of  the  sui&oes  of  both.  In  th«M  ca««  the  minute 
protuberance  of  the  saiUcet,  or  the  friotion  they  exert  on 
each  other,  prevent  the  miface*  from,  sliding,  and  act  u 
minute  teeth.  A  band  iriiieh  alipe,  may  frequently  bo  made 
to  act  by  chalUng  its  aurfaoe. 

Tha  Pnller.— The  fourth  mechanical  power  ii  the  pulley. 

In  its  simplest  form  it  consists  of  a  solid  circular  wheel  B  C, 

hSTing  a  smooth   groove    cut  in  its  cireumferooce.      This 

Fij.  J.  wheel  revolves  &eely  round  an  axis  or  pivot  pasaing  thTOUgh 

its  centre  at  right  angles  to  its  aur&ce,  and  having  ils  ei- 

tremitict  fiiod  to  a  wooden  or  metaUio  frame  F  G.    This  frame  may  be  either  fixed  or 

moveable.      The  wheel    is  called  the 

iktaf,  ihiver,  or  nindU ;    the  axis  the 

gudgeon,  and  the  frame  in  which  the  axis 

is  fixed  the  ilotk  of  the  pulley. 

The  force  P  is  applied  to  one  ex- 
tremity of  a  cord  paaaing  freely  over  the 
grooved  circumference  of  the  sheaf,  which 
moves  with  it  round  its  aiia,  thus  di- 
minishing the  friction  of  t^  cord ;  and 
the  weight  W,  which  is  to  be  overcome, 
is  attached  to  the  other  extremity  of  the 

Several  pulleys  may  be  combined 
together,  forming  what  is  called  a 
lyitem.  The  cords  which  pass  over  tho 
rfjeaves   are  supposed  to  be    perfectly  ^ix  l 

flexible  and  inext«nsible ;  the  friction  of 
tho  cords,  as  veil  se  that  of  the  aiie,  and,  when  uot  specially  mentioned,  the  weights 

of  the  blocks  and  sheaves,  are  not  considered  in 

S    our  calculations. 

The  single  pulley,  with  its  block  fixed,  affords 
no  meehanioal  advantage  of  the  power  over  the  weight,  for  the 
power  P  exerted  on  the  extremity  of  the  cord  comniunicates  a 
tension  T  proportional  to  P  throughout  il«  length  to  its  ex- 
tremity D  at  which  W  acta.  When  there  is  equilibrium,  these 
forces  P  and  W  must  be  both  equsl  to  the  tension  T  of  the  cord 
at  the  points  A  and  D,  or  the  tendon  of  the  cord  will  produce 
a  force  equal  and  opposite  to  F  at  1,  and  equal  and  opposite  to 


Hence  P  =  W  =  T. 
The  single  fixed  pulley  afiords  a  convenient  means  for 
altering  tho  direction  of  the  application  of  a  force  to  a  machine. 
Thus  a  weight  which  acts  vertically  downwards,  may  be  mode 
to  exert  an.  equal  force  in  any  direction  we  require,  by  a  proper 
position  of  the  pulley  and  the  support  to  which  its  block  is  fixed. 
Singlt  Moceaile  Fulleff.—Let  a  weight  F  be  attached  t«  one  extremi^  of  a  cord 
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paanng  over  the  fixed  pulley  F  E,  round  ths  moreable  polley  0  B,  and  bamg  i 
otiior  ^iremitT  &eteiied  to  a  fixed 
n  at  A,  ilia  block  «f  the  pulley 
PE  being  fixed  to  Ute  bean  atOin 
Booh  a  maimer  that  E  C  and  A  B 
11  be  parallel.  The  weight  V  ii 
attached  to  the  block  D  of  the  pulley 
C  S.  Neglecting  the  weight  of  the 
pulley  CB,P  will  comiaunicate  a 
teoiion  throughoat  the  coid,  and  thi* 
tenBiQu  will  produce  a  force  F  acting 
n  tliedirectiouCEatEiandanoQkK 
force  P  acting  in  the  direction  BA 


Henoe  when  there  ii  eqnilibiiDni, 

we  ihall  have 

W=:P  +  P  = 
When  the  weight  of  tlie  pulley 
is  taken  into  accouot,  thii  weight 
muet  be  added  to  W.  ^IThen  the 
oordi  are  not  parallel,  resolTiog  the 
foFoei  P  acting  at  C,  and  P  acting  at 
B,  into  Toitical  and  hoiisontal  fbroae, 
aa  ahown  in  Fig.  3,  and  equating 
the  hoiitiMital  and  vertical  fbroea  acting  on  B  C,  we  have 

Painf  =:Pnn  f,  hence  ^:=  8 
andW  =  Pi!ca«  +  Pcoa^  =:  P  ooaB4- P  C08  8  =  2F  CO!  e 
'Whore  t  eqnala  half  tlte  angle  A  B  produced  makei 
with  EC  pi    "       " 

In  thf  firit  ii/tttm  of  puiUi/i,  each  pulley  hangs  by  a 
Beparate  cord,  aa  ahown  in  Pig.  4,  so  that  the  corda  may  be 

Let  w„  Wb  Wj,  be  weighta  of  tie  pulleys,  („  (j,  <,  the 
tenaion  of  the  cordi. 

■W  +  w,  =  2(„(i  +  Wi  =  2tj,(,  +  Wj  =  2^and(j  =  P. 
E.™  P=-}  +  J=3  +  g  +  i  =  ^.  +  5  + 


If  there  had  been  four  pulleys  we  ihould  hare  had 
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NegUcting  the  vsights  of  the  pullejrB,  v„  w„  &c.,  for  three  pulleja  ve  shall  luTe 
P^^  for  four  P  ^5j,  sndgeneralljforBpullEysP  =  — 

Wlienthe  cords  are  not  parallel,  wemajiee,  from  the  oaoe  of  tlis  tingle  pulle;,  Out 
each  teruion,  t„  t^,  t^,  &c,  miut  be  multiplied  hytlia  ca 
of  the  ungle  which  ita  cord  makes  with  a  lino  drawn  pai^llel 
to  the  direction  in-whieh  W  acta. 

This  multtplicatiaD  will  necessarily  diminiBh  the  tcnnon 
as  the  cosine  will  alwaj'a  be  a  iractioii  less  than  unitf . 

In  tht  ticend  tyglem  of  puSeyt,  tho  cord  to  which  P  i 
attached  passes  over  all  the  pulleys  as  shown  in  Fig.  5.  Tho 
polleya  are  divided  into  two  groups,  the  upper  working  ii 
commOD  block  which  is  fixed,  and  the  lower  in  a  conmr 
moreable  block.  Tho  other  eitrcmity  of  tlie  cord  to  which  F 
is  attached  alter  passing  over  all  the  ehcLiyes,  is  fixed  to  tho 
npper  block.    W  is  attached  to  the  lowor  block. 

The  weight  or  force  P  will  communicate  tho  sam«  tenaioi 
ti  throughout  the  rope. 

It  is  erident,  therefore,  Hbai  if  we  conuder  tho  ropes  a^ 
parallel,  and  neglect  the  weight  of  the  lower  hlock  and  its 
sheaTea  when  there  is  equilibrium,  we  shall  have 

■W  =  6P 

and  goncrallj  wo  shall  have  W  ^  nP  where  n  is  the  munher 
of  the  portions  into  which  the  cord  is  divided  by  the  two 

When  the  weights  of  the  sheaves  and  blocka  are  taken 
into  eonaidcratiaa,  it  is  ovidcnt  that  the  weight  of  the  lover 
block  and  its  sheaves  nrnat  bo  added  to  W. 

If  the  positions  of  the  cords  be  not  parallel,  each  portion 
must  have  its  tension  multiplied  by  the  cosine  of  the  angle  tu 
which  it  ia  inclined  to  the  direction  of  W,  as  in  the  first 
■yitem  of  pnlleya. 

In  Fig.  6  we  have  represented  a  very  powerful  airacge- 

ment,  having  the  pulleys  in  each  block  arranged  as  shown  ii. 

^'  the  figure.       The  sheaves  of  the   upper  row  io  the  upper 

block,  as  well  «a  those  of"  the  lower  row  of  the  lower  block,  are   all  of  the  sami 

diameter ;  those  of  the  lower  row  of  (he  upper,  and  npper  row  of  the  lower  are  equal  t( 

each  other  in  diameter,  though  loss  than  the  former.    The  cord  is  omitted  for  the  sako 

of  oleameaa,  but  one  eitiemity  is  fixed  to  the  hook  A  below  the  lower  block ;  it 

passes  in  succession  under  each  of  the  sheaves  in  the  lower  block,  and  over  those  in  the 

npper  in  the  order  shown  by  the  numbers  attached  to  the  sheaves  in  the  figure  ;  tho 

power  is  applied  to  the  extremity  of  the  cord  which  passes  over  the  pulley  marked  Wjo. 

As  there  are  twenty  portions  of  the  cord  between  the  two  blocks,  in  this  case  W^  20  P. 

This  arrangement  pennita  the  portions  of  the  cords  to  he  nearly  parallel,  and  has  the 

additiooul  advantage  that  the  power  P  acts  immediately  over  the  weight  W,  so  that  the 

parallelism  of  the  cords  will  not  be  deranged,  as  it  would  otherwise  be  liable  to  be 

has,  however,  sariouH  practical  defects. 

If  the  weight  W  be  raised  by  the  power  P  a  given  height,  say  for  instance  one 
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«aeh  portion  of  the  oord  betveen  the  tiro  blooks  must  be  raised  the  lame  hejg^  vbicli 
-will  necessarily  cause  P  to  descend  20  feet.     From  the  arrangsment  of  the  cord  it  is 

O 


□aoDa 
nnonn 


of  tie  cord  will  pass 
oTcr  the  pulley  w,, 
two  feet  over  w„  thteo 
feet  over  Wj,  &c.,  and 
ao  over  w,„. 

Now  Binc«  the 
sheaves  w„  vr^,  Vj, 
&c.,  ore  of  the  same 
diameter,  and  revolve 
each  round   its   own 

much  cord  paaaes  over 
I  w,  as  Wi,  three  times 
as  nnch  over  w,  aa 
W|,  and  BO  on ;  it  fol- 
lows that  Wj  will  re- 
volve twice  as  fast,  w, 
three  times  aa  ^et,  aa 
Wi,  and  ao  on  for  the 
other  aheaTCB. 

This  inequality  of 
motion  leads  lo  great 
inequality  in  the  wear 
of  the  various  parts 
of  the  machine.  If 
we  attempt  to  remedy 
this  defect  by  fixing 
the    sheaves    in   the 
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is,  parts  of  the  cord  muat  necessarily  scrape  or  slido  over  tiie  grooves  of  the 
sheaves  instead  of  moving  with  them ;  and  this  will  lead  to  great  increase  of  friction. 
To  remedy  these  defects,  Mr.  White  con.tri»ed  the  pulley  known  by  his  name.  The 
sheaves  in  each  block  were  cat  out  of  one  piece  of  wood  or  metal,  being  formed  of 
a  series  of  parallel  and  circular  grooves,  each  increasing  in  diameter.  The  diameters  of 
the  grooves  were  made  to  bear  to  each  other  the  same  proportions  aa  the  portions  of  rope 
which  were  to  pass  over  them — those  for  the  lower  black  being  aa  the  odd  numbers 
1,  3,  6,  7,  &c.,  and  those  in  the  upper  as  the  even  numbers  2,  4,  6,  &c. 

Bj-  this  arrangement  all  inequality  of  wear  was  supposed  to  be  obvisted,  and  the 
friction  was  reduced  nearly  to  that  of  the  two  axles  of  the  blocks.  But  this  ingenioua 
contrivance  is  found  practically  to  fail,  as  the  elasticity  of  the  cord,  which  ia  supposed 
by  tie  arrangement  to  be  inelaatic  or  ineitensible,  is  aubjeot  to  continual  change  by  the 
moisture  or  dryness  of  the  atmosphere,  and  by  tiio  friction  of  the  cord  upon  the  grooves. 

In  the  ikirdasiitm  nfpuiUyt  each  cord  passes  over  a  pulley,  and  has  one  eilremily 
attached  to  the  weight  V,  as  shown  in  Fig.  T,  the  cords  aro  supposed  to  be  parallel  to 
each  other. 
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L«t  w,,  w^t  W],  W(  tepreMut  tlie  veiglils  of  the  puUeyi,  1^,  ^  '»  <i  the  teuuon*  of 
the  cords  pasaing  over  thorn. 
Then  (,  =  P. 

(,  =  2(,  +  w,  =  2  P  +  w,. 
(j  =  2(j  +  w,  =  22P  4-  2w,  +  w,. 
(,  =  2(a  4-  ■"■>  =  2P»  +  2"Wi  +  2wj  +  w,. 
Therefore    W  =  (,  +  ij  +  (,  +  (,. 

=  (1  +  2  +  2'+  2=)  P  +  {1  +  2  +  2>)  w,  +  (1  +  2)  Wj  +  T7s. 
=  (2'  -  1}  P  +  (2=-  1)  w,  +  (2'  _  1)  w,  +  (2  -  1)  w,. 
The  game  Feaiioiung  may  be  extended  to  any  Dumber  of  pulleys  fi,  in  which  case 
W=  (2--  1)  P  +  (!.-,_  1)  I,  +  (!.-.-  1)  w,+  ta.+  (2  -  I)  w, 
TVlien  the  weights  of  the  pulleys  are  n^lected,  w„  w»  &c.,  v„  aic  equal  to  zero,  and 
■^  =  (2"— 1)P. 
When  the  strings  are  not  paiallel,  their  respectiTe  t«iuiaiiB  must  be  multiplied  by 
the  cosine  of  the  angle  tbcy  make  with  the  diKctioa  of  W,  as  in  the  preceding  systems. 
The  InoUuei  Pluie.— The  incUoed  plane  is  the  fifth  uechsitica]  power.    It 
1  onsista  of  a  plane  surface  A  B,  ivhich  is  supposed  to  bo  perfect  in  hardneea  and  Bmootb-' 
ticss,  and  inclined  at  some  angle  a  to  l^  horizontal  line.    A  heavy  body,  whose  weight 
id  W  (Fig.  1),  resting  on  the  plane,  and  supported  by  a  force  P  acting  in  some  direction 
D  E,  constitDtes  tbe  weight  in  this  macbino. 

Let  ^  be  the  angle  D  £  makes  with  B  A,  aud  B  C  be  drawn  at  right  angles  to  A  C : 

is  called  the  inclination  of  the  plane,  B  C  its  height,  A  B  its  length,  and  A  C  its 

liiM«.    When  there  is  equilibrium,  D  will  be  acted  on  by  tiiree  forces,  the  force  P  acting 


Fig.  1,  Tig.  2. 

in  the  direction  DE,  the  weight  "W"  acting  Tctticallj  downwards,  and  the  unknowi 
I  taction  R  produced  Dy  the  pressure  of  the  body  D  on  the  plane  A  B,  which  acts  poipen- 
dicularlj'  to  the  surface  of  the  plane. 

Let  B,  F,  ood  W  be  rapreseutcd  in  magnitude  and  direction  by  D  B,  DP,  and 
.   D-W(Fig.2). 
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KeBolTiog  tbeM  forces  parallel  ud  p«rpendienkr  to  th«  sarfiwe  of  the  plane  A  B,  as 
iibowii  in  Fig.  2,  we  hvre  the  following  conditiona  of  equilibrium : — 

The  msgnitade  of  B  mtty  be  found  from  tlio  equation 
R-t-FBin^  =  W<joaa; 


_  y.  ,coB  g  coa  fl  -  Bin  «  dp  fl^  _  -WcM(a  +  fl 
\  00.3  ■'-         ooafl 

When  P  acta  along  die  inclined  pltoe  in  the  diieotion  D  B,  0  ^  0,  and 

W 1 AB  _  length  of  the  plane 

P         siuB        BO        height  of  the  plane ' 

AB  length  of  the  pmne 

Correctly  speaking,  the  anglea,  Sen.,  of  Fig-.  2  do  not  oorrecOy  balong  to  the  indined 
plane  of  Fig.  I,  unless  the  centre  of  gravity  of  the  body  D  toucbea  Iha  plane  A  B,  but 
to  an  imaginary  plane  passing  through  the  point  A  and  the  centre  of  gravity  of  D. 

The  Wedge. — The  siith  mechanical  power  ii  the  wedge,  which  may  be  ngtidad 
as  two  equal  and  similar  inclined  planes  A  B  C,  B  J)  C, 
with  their  bases  fixed  together.  It  is  used  for  cleaving 
substances,  in  which  case  the  edge  C  is  introduced  into 
a  cleft,  and  the  aurtace  A  D  struck  by  a  hammer  or 
mallet,  so  as  to  cause  the  wedge  to  enlarge  the  cleft 
and  split  the  gubstance. 

Considered  as  a  statical  mschine,  the  power  is  a 
weight  applied  to  A  D  aulBciont  to  balance  the  pres- 
sures exerted  by  the  substance  into  which  the  wedge  is 
thrust  on  the  sides  A  C  and  D  C  of  the  wedge,  con- 
sidering these  surfaces  as  perfectly  smooth. 

The  consideration  of  this  machine  is  now  omitted  in 
many  treatises,  since  "  in  the  theory  of  the  wedge, 
there  are  introduced  go  many  conditions,  which  are 
perfectly  inapplicable  in  practice,  so  many  gratuitous 
assumptions  and  suppositions  so  inconsistent  with 
practical  truth,  that  ^  whole  doctrine  has  little  or  no 

value.  Notliing  can  more  plainly  demonstrate  the  inutility  of  the  theory  of  the  wedge 
tlian  that,  in  this  tlieory,  the  power  is  supposed  to  he  a  pressure  exerted  on  the  back  of 
the  wedge,  whifjh'ia  supposed  to  bo  capable  of  balancing  the  effect  of  the  resistance  in 
producing  the  roooil  of  the  wedge.  la  alt  cases  where  the  wedge  is  practically  used, 
the  Motion  of  ita  faces  with  the  resisting  substance  is  sufficient  to  prevent  the  recoil ; 
■o  that,  strictly  speaking,  no  force  whatever  is  necessary  to  sustain  the  nuwtune  in 
equililaium ;  and  to  move  it,  pressure  is  never  resorted  to — inwrnuch  as  the  slightest 
percussion  is  far  more  effective.  The  only  general  theoretical  principle  respecting  the 
wedge,  which  obtains  always  in  practice  is,  that  its  power  is  increased  by  diminishing 
the  angle  CJ)."—Me6lumut,  Soeiety/or  the  Biffuiim  of  Uu/ul  KnotcUdga. 

The  Screir.— The  seventh  mochsniool  power  is  the  aerno,  and  may  be  regarded 
as  a  modiftcation  of  the  inclined  plane.    If  we  take  a  triangular  piece  of  paper  AB  C, 
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the  Buele  M  C  being  ■  right  angle,  in  A  C  tdie  a  point  X',  «iul  thrmigh  A'  dntir  A'  B' 
parallel  (oAB.  Then  let  the  puttion  A  A' B' B  U  blackened,  and  wrap  the  triangle 
AB  Ground  a  eylinder  D  E.    Let  now  a  gToore  be  out  peipendiouUr  to  the  eurface  of  the 

'    r 

» 

i 


Hg.  1.  Rg.S. 

cvlinder  and  fbHowiog  tlie  diieetion  ot  the  daik  ipinl  band,  farmed  hj  the  triangle 
ABC.  The  projecting  portiMi  between  die  groove  iaoalledthe  i\rtad  of  the  scrav, 
and  ie  evidently  an  inclined  plane  ptering  round  the  cylinder.  The  cylinder  in  vhich 
le  grooTe  ia  cut  ia  called  the  ternc,  A  hollow  cylinder  ii  nov  cut  through  a  beam 
A  6,  and  a  spiral  cavity,  cut  in  the  anr&ce  of  the  hdlov  cylinder,  correapanding  in 
nagnitudu  to  the  tbrend  of  the  tCTOV,  «a  that  one  may  be  regarded  US  the  cast  or  mouhl 
uf  the  other.    Tbia  ie  called  the  nut  of  the  acreir. 

If  A  B  be  flnnly  fixed  to  the  upright  beams  A  C,  B  D,  and  these  agaia  to  a  plane 
base  C  D,  the  screw  EF  cnu  be  made  to  pass  through  the  nut  by  causiiig  it  to  re- 
volve round  iti  axis  £  F  by  means  of  thearms  £  H  or  B  0,  and  as  it  moves  through  the  nut 
its  axis  will  always  be  vertioel,  and  its  extremity  F  will  press  upon  a  plane  E  L  bo  eon- 
lined  by  the  bars  A  C  and  B  D  in  the  frame  A  D  C  6  as  to  have  only  a  vertical,  motion. 
The  preaaore  of  the  acrow  will  thus  be  communicated  by  E  L  to  any  aubstance  placed 
between  E  L  and  C  D. 

?o  obtain  the  oonditiDns  of  equilibrium  of  the  screw,  we  neglect  the  weight  of  the 
r  iCsd^  and  the  fric- 


To  simplify,  as  much 

B  possible,  the  problem, 

fo  first  auppois  the  por- 

ion  of  the  thread  which, 

by  the  action  of  a  force  P| 

it  tight  angles  to  the  ei- 

remity  G  of  the  lever  0  E 

(Fig.  2)  communicates  a 

asure  B,  to  t^e  surface 

the  nut  with  which  it 

a  contact,  reduced  b 

into  the  inclined  plane 

!he  resiatanee  E,  which  tiie  surface  of  the  nut  opposes  to  the  motion  of  Q  will  be 
perpendieular  to  the  siirface  M  N  of  tiie  inclined  plane  MHO,  and  the  resolved  pmtioD 


Tig.t. 
a  ungle  point  Q  (Fig.  3),  and  tie  aoiface  of  the  m 


,  unfolded 
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of  tliia  torea  in  a  vertical  poaitian  wiU  give  the  presaure  Wj  wbieh  the  Nrtw  will  com- 
municata  to  the  gubaUoce  placed  between  E  L  and  C  D. 

Let  obetijelen^af  the  aim  QE,  i  tbentdiuaof  theoyUndcrof  tlie  Bcrev,  sthe 
angle  of  the  plane  M  N  0. 

Beeolring  B,  Tertioally  and  horizontallj',  we  bave  the  following  condition  of  equi- 
librium:— 

'W[  =  S,  COB  B  1 

and  taking  momenta  alront  tlie  axis  of  the  ter«w, 

0  .  P,  ^  i  E,  Bin  B. 
Nov  we  may  conceive  the  portion  of  tho  thread  of  the  screw  divided  into  a  numhei 
of  portions  Q„  Q,,  &c.,  Q,^  iept  in  equilibrium  by  forces  Pi,  P„  &c.,  P„  Wj,  ■W„&o., 
yf^,  and  producing  reactions  B„  It,,  &c.,  K,  on  the  Burf^e  of  the  nut. 

Pi  +  Pj  +  &«■  +  K  '■'11  ^  Oie  whoio  power  P  applied  to  the  ertrcmity  of  the 
aimGE,  and  Wi-i-W,-|- fte. +  W„  will  be  tho  whole  vertical  preamireW  which  the 
acrew  will  produce. 

Then,  sa  before,  we  diall  hare 

W,  =1  H,  eoa  8  and  nP,  =  iBj  sin  a 
Wa  =  Ej  co«  o         aPj  =  iRj  ain  b 

Sec.  ==  Ac.  &c.  ^  &c. 

W„  =  H.  coa  «         aP,  =  *E,,  sin  a 
Hence,  adding  these  equations,  we  have 

(Wi  +  W,  +  W,  +  &o.  WJ  =  (E,  +  E,  +  B,  +  *c.  +  E.)  cob  b 
-(P.  +  P.  +  Pa  +  &<!-  +  I'J  =  MBi  +  B,  +  B,  +  &e.  +  EJain. 
and  dividing  these  equations  we  have 

W,  4-  W,  +  W,  +  &C.  +  W,  COB  B  W   _       COBB 

o  (P,  -J-  P,  +  P,  +  ic  +  1* J  —  *  Bin  «  "''oP  — *Bin« 

d— —      "      _       '"* 
""    P  — itan»  —  2irit»na' 

W  circumference  of  circle  described  by  the  extremity  G  of  arm  G 1 

P  vertical  distance  between  two  threads  of  the  sorsw 

For  if  NG  (Fig'  3)  be  the  vertical  distance  between  two  ttirMrli>  of  the  sen 
will  be  equal  to  2»i  and  NO  =  MO  tan  a  =  2iri  tan  a. 

Friction. — In  our  pnvioni  investigatious  we  have  supposed  all  our  Bur&ce«  in 
contact  with  each  other  to  be  perfectly  smooth.  This  perfect  smoothneaa  can  never  be 
attained  in  practice ;  the  rou^meea,  or  want  of  smoothness,  of  two  aurliiaes  in  contact 
with  each  other,  oj^KMes  a  resistance  to  their  motion  over  or  along  each  ether  which  is 
called  frictan.  From  certain  experiments  it  appeaie  that  friction  may  be  dne,  in  some 
meaiuie,  to  the  nature  of  the  surtaces  in  contact  with  each  other,  and  influenoed  by 
the  molecular  farces  which  the  particles  in  contaot  may  have  with  each  other. 

Experiments  made  with  a  number  of  diSeient  Bubstoncea  have  led  to  the  fallowing 
Iftwa:— 

That  the  force  of  friction  is  proportianal  to  the  preasuro  acting  on  the  surfaces  in 
contact  BO  bng  as  the  materials  of  tiie  surfaces  in  contact  remain  the  same,  and  ai 
right  anglcB  to  the  direction  of  the  ptesauie. 

That  for. the  eame  pressure  the  friction  is  the  aame,  whatever  may  be  the  magnitude 
of  the  surfucBs  in  contact. 

Thcso  law?  ore  not  strictly  true,  bat  are  subject  to  considerable  ti 
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erne  casta,  aa  Then  ths  preuurea  in  tot;  great  and  tho  mr&oei  in  couUct  Tsry 

The  MctJOQ  of  moving  nrfkoe*  it  aim  much  leu  than  that  of  the  eame  rarfocea 
itate  just  bordemig  on  motion. 

For  the  state  jiut  bordering  on  motion  the  friction  of  tiro  tnaootlilf  planed  pieces  of 
wood,  the  grain  being  in  the  same  direction,  ia  half  the  prtasnre ;  for  the  same  the  grain 
being  in  oppotite  directiong,  ia  one-fourth  the  pieantre.  The  &iction  of  two  metallic  lur- 
faoes  is  one-fourth  the  presanrc ;  and  of  one  aui&ce  metallic  and  the  otlker  irood,  one- 
flfth  the  preemre. 

Thia  friction  may  be  greatly  diminished,  by  the  oae  of  lubricants,  snch  as  oil,  tallow, 
black-lead,  io. 

If  the  points  in  contact  be  mere  lines,  as  in  the  caee  of  the  knife-edge  of  the 
fulcnun  of  a  le»er,  this  friction  may  he  cwuridetably  reduced.  Thus,  the  Motion  of 
wooden  sucfitces  is  diminished  in  this  case  from  one-fborth  to  one-twelfth  the  pnasoie 
exerted  by  the  snriaces  in  contact. 


TALTEB  IDICHELL. 
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lattodncUon. — Mfery  body,  or  material  particle,  ii  neceHSrily  in  a  Btat«  of  eitbrr 
rat  or  motion.  A  bod;  ■triollj'  at  net  is  regarded  ai  acted  upon  rattier  by  na  fame  it 
■11,  or  eka  bjr  fbKM  which  oppose  and  neutralize  one  another.  Investigationa  reipectiiig 
forces  vMch,  acting  npon  a  body  or  upon  a  Eyitem  of  bodies,  thui  keep  the  whole  at 
rat,  belong  to  the  flnt  great  dMnon  of  Meehanlcal  Flulo«oph7-~^(it>».  In  this 
branch  of  the  mbject,  the  remit  of  the  several  applied  forooi  i»  pramrt  or  tmiion,  hot 
no  morement ;  in  the  second  great  division,  now  to  be  treated  of,  the  remit  of  the 
applied  forces  is  mirtion  :  there  may  be  pressure  as  well,  but  it  is  the  motion  or  change 
of  place  of  the  body  acted  npon,  that  iathe  exdusiTe  snbject  o!  Jh/nauatt, 

Of  phyncal  causes  we  know  little  or  nothing :  we  observe  motion  or  pi«wnte,  and 
we  infer  forte — that  is,  some  cause  for  the  phenomena ;  but  it  is  with  the  efycts  or 
phenomena  alone  that  our  obsorvations  and  reasouinga  are  oonoemed. 

Ignorant,  however,  as  we  are  of  the  essence  of  force,  we  cannot  be  under  any  donbt 
that  it  is  the  same  in  kind  when  opemtiDg  in  the  jToduction  of  moUon  aa  when  openting 
in  the  production  of  preaanra ;  for  whenever,  in  the  latter  case,  the  reaiatance  or 
obstacle  is  removed,  motion  neeessarily  enauss.  But  there  is  one  eonaideration 
fnseparahlj  connected  with  that  of  motjon,  which  has  no  j>lacs  in  statics ;  it  is  the  con- 
mderation  of  lime,  an  element  which  neoessarily  enters  into  the  very  idea  of  motion. 
Nor  can  we  concdve  of  a  fbrce  which  trausioits  its  influence  to  a  distant  body — as 
lefijrce  of  magnetism,  or  the  force  of  gravity — as  doing  so  independently  of  time.  It 
Is  inconceivable  that  some  interval  does  not  elapse,  however  minute,  between  the  causa 
and  the  effect :  the  traosmisaion  of  a  foree  through  space  moat  take  time.  A  ffew  years 
ago,  the  following  question  was  proposed  to  the  author  of  the  present  treatise  r — A  beam 
or  bar  uniformly  strong — that  is,  rewsting  frHctnre  in  erery  part  alike — is  immoveably 
flied  at  one  eitremity,  from  which  it  hangs  vertically ;  to  the  other,  or  lower  eitrcmity, 
la  then  attached  a  wei^t  inaeflnitely  great :  where  will  the  beam  break  i  The  con- 
dition is  that  the  beam  has  no  tendency  to  break  at  one  place  more  than  at  anodier,  and 
yet  the  weight  suspended  to  it  is  to  be  immeasurably  great.  The  answer  is,  that  time 
being  reqnircd  to  transmit  the  Ibrco  through  the  particlesof  the  beam,  tile  fracture  takes 
place  at  the  lowest  part,  the  falling  weight  bringing  with  it  only  the  lamina  of  material 
n  immediate  contact  with  it. 

A>  the  dynamical  effect  of  force  is  motion,  and  as  motion  impliet  space  passed 
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through,  and  the  time  of  pasN^,  it  is  cleai  that,  u  in  nil  pliTnoal  inquiiiei,  measuring 
causes  by  their  effects,  tlie  meBsuie  of  for<«  must  in  same  ^ay  he  compounded  of  ipacfl 
nd  time. 

The  umplcst  kind  of  mofion  ia  uniform  motion,  or  that  in  which  the  moving  body 
passes  thiougli  equal  spacee  in  equal  intervals  of  time ;  and  the  simplest  path  the  moving 
body  can  describe,  ia  a  straight  path.  We  can  fully  examine  motion  of  Ihia  kind  vi&- 
it  any  reference  to  force  at  all ;  we  can  take  the  motion  as  we  find  it,  without  any 
inquiry  is  to  its  origination ;  and  ascertaia  all  we  wish  to  know  reapectii^  it.  In  iaot, 
a  body  so  moving  is  not,  during  the  motion,  acted  upon  by  any  fbrce  at  all.  Conceive 
an  isolated  body  at  reat,  all  other  bodies  an:d  forces  in  natnre  being  removed :  it  is  plain 
that  that  body  will  remain  at  rest,  for  there  is  nothing  to  disturb  Its  condition.     In  like 

mer,  conceive  ntch  isolated  body  to  be  moving  uniformly  in  a  etroigU  line : 

luat  continue  to  move  imiformly,  for  there  is  nothing  to  disturb  its  condition  ^  to 
suppose  a  force  to  act  upon  it  at  any  point  of  its  patli,  and  yet  for  the  unifonn  onward 
motion  to  remain  the  same,  would  be  to  suppose  a  cause  wiUiout  sn  effect.  A  body, 
therefore,  thus  moving  unifbnnly  onward,  is  not  actuated  by  any  force  whatever.  It  is 
true  it  could  not  pass  from  leet  to  unifbrm  motion  in  a  straight  line  without  a  c^use — 
an  impulse,  for  instance — but  nothing  acts  upon  it  aflcrwards,  or  during  its  uniform 
motion ;  otherwise  that  untfuimity  wouid  bu  inleifered  with. 

It  is  this  umplest  kind  of  motion  that  we  shall  fiist  oouuder,  and  shall  tlien  proceed 
to  that  which  is  due,  not  to  instantaneous  impulse,  but  to /ari»  continuously  acting  upon 
the  moving  body.    The  proper  method  of  measuring  iJiis  force  will  shortly  be  explained. 

Vnlfoxm  KectUlnww  Motion. — In  appplied,  as  well  aa  in  pure  mathematics, 
certain  fundamental  poaitiona  or  poatuktes  must  at  the  outset  be  assented  to.  In 
Dynamics  tliere  are  three  such  postulates :  tliey  are  knownas the  tliree  laws  ofmotion.* 
The  first  of  these  is  as  follows  ;■ — 

A  material  particle,  if  at  rest,  and  unacted  upon  by  any  external  fcace,  will  remain 
at  rest.  A  material  particle,  if  in  motion,  and  unacted  upon  by  any  extMnal  force, 
will  continue  its  motion  uniformly,  and  in  a  straight  line.  This  law  is  only  a  formal 
enunciation  of  the  iturlia  of  matter,  b;  which  is  meant  itji  incapabiKty  of  altering,  of 
iiieif,  the  state  into  which  it  is  put  by  any  external  cause,  whether  that  he  a  state  of 

It  is  plain  that  the  motion  spoken  of^  being  neitJier  unchecked  nor  expedited,  nor  its 
direction  any  way  interEered  with,  must  be  uniform  in  its  ratt,  and  rectilinear  in  its 
course — the  course  originally  impressed. 

The  raU  of  a  body's  uniform  motion  is  eatimated  by  the  extent  paased  over  in  some 
determinate  portion  of  time~~a  second,  a  minute,  an  hour,  &c.  In  dynamical  investiga- 
tions, the  xamd  is  generally  taken  for  tho  unit  of  time  ;  and  what  in  popular  language 
is  called  rait  of  motion,  is  here  called  velecity  ;  hence  if  a  body  moves  unifonnly  01 
ten  feet  every  second  of  time,  we  say  that  it  moves  with  a  vdodty  of  ten  feet,  or  tl 
its  velocity  is  ten  fact  "per  second"  being  understood.  Putting  the  symbol  c  for  Telo- 
city, we  should  therefore  have  c  ^  10  feet  As  a  second  is  tsken  ibr  the  unit  of  time, 
so  a  foot  is  taken  for  the  unit  of  length.  It  is  common,  however,  to  csll  the  length  of 
track  described  by  a  moving  body  the  tpnw  passed  tlirDi;gh,  and  to  lepreaent  tihis  length 
by  s ;  but  it  will  be  home  in  mind  that  by  1  length  only  ia  meant 

The  symbol  employed  for  numier  r^  aeainda  is  <;  it  is  to  be  carefully  observed 

that  '  does  not  stand  for  the  concrete  quantity  iimi,  but  only  for  the  numier  of  .seDonda 

*  The  three  tsw>  ot  motioa  m  [ormall;  enunciated  at  tlie  and  of  this  treatise. 
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in  that  tima ;  so  that  length,  tii.  fat,  is  the  only  concrete  qnantity  rcpmented  bj  thB 
■jrmbolB  V,  I,  t,  Thich  exe  related  tb  one  amotber  u  fbUova,  namely : — 


So  that  any  tiro  of  the  three  qaoDtiticB  concerned  being  kntfwn,  the  llurd  may  be 
immediately  fonnd.  If,  hovcrer,  t  ia  not  reckoned  from  the  commeneeinent  of  Ao  naj- 
fonn  motion,  but  only  after  a  certain  space  i"  has  been  poised  orer  by  tile  moring  body. 
then  >  being  the  \rbole  length  of  path  from  the  commencemont,  the  three  eqoatitmi 
■will  be 

Any  onoof4e«e  equatione  is  »ufficient  fijr  the  entire  theory  of  the  motJMi  of  a  body 
impelled  by  a  single  impulse,  or  inflnenood  originally  by  any  cause  producing  unifbrm 
notion. 

It  may,  perhaps,  be  as  irell  to  remark  here,  OM  we  speak  of  the  path  of  a  paitiele 
and  of  a  body  indiKrimtnntely.  In  meet  Torks  on  Dynamics  all  mention  of  iady  is 
KToidcd  in  this  part  of  dynamic*,  and  (b.e  motion  of  a  mngte  particle  tmly  considered. 
Bnt  this  exclusion  of  body  as  an  asaemblage  of  particles  is,  y/e  think,  u  injndiciowi  as 
it  is  nnnceessary.  There  netiu,  It  il  tnie,  more  mathematical  prcdsion  of  language  in 
speaking  of  the  line  (>]  traced  cut  by  a  moying  particJo,  than  of  what  is  described  by 
a  bulliy  body ;  but  let  it  be  only  undentood  that  by  the  path  of  a  body  we  mean  the 
line  traced  out  by  its  centre  of  gravity,  and  all  groimda  for  depriving  the  mast  of  Tidnmo 
and  reducing  it  to  an  iudivi^ble  isolated  particle — of  which  Indeed  wo  can  have  no  clear 
idea— will  be  removed.  Thtoughcut  the  present  portion  of  dynamics,  om  investiga- 
tions are  entirely  independent  of  mass  or  volume ;  and,  conseqoently,  to  make  a  single 
physical  particle  the  subject  of  those  investigations  to  tha  studied  and  systematiaeicln- 
«on  of  body,  is  lo  perplex:  and  mislead  the  leamei^-in  fast,  to  convey  to  him  the  notion 
that  what  he  i*  learning  is  applicable  only  to  geometrical  abstractions — to  physical 
nonentitjea,  and  not  to  the  aotuol  material  substances  around  us. 

We  sh^  now  give  an  example  of  the  application  of  the  fbrmulie  ju«t  established. 

I         Two  bodies  (a,  i)  animated  by  the 

i    imifarm  velocities  e,  »',  sot  out  simnl-     A  "^  *  ^^  C 

i    itaneously  ftom  the  points  A  B,  and     I ( ^M ^ 1 

I    more  in  the  direction  of  the  straight 

I    line  A  B  continued :  required  the  time  of  their  comiag  togefliei. 

i         Suppose  a  overtakes  i  at  the  point  C,  then 

!  AC  =  «(,BO=<'i; 

j   lUtat  is,  calling  A  C,  »,  and  A  B,  >', 

So  that  the  abstract  number  denoting  the  noila  of  time — that  ii,  the  number  of 
«econds — will  be  found  by  dividing  the  space  between  the  points  of  starting  by  the 
clifference  of  the  spaces  denoting  the  veloutieB. 

If  uniform  motion  be  the  result  of  an  impulse  communicated  to  a  body  raiginally 
at  rest,  we  may  reasonably  conclude  that  the  velocity  ptwluced  will  be  propratiDnal  to 
■the  intensity  of  the  impuleiTO  cuei^.  For  if  a  body  receive  a  certain  vdooity  in  con- 
Sequence  of  a  certain  impnlse,  it  ought  to  acquire  double  tiiat  velocity  if  at  any  point  of 
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it*  path  that  inpulN  be  Treated  in  the  (amedirecliai]',  bat  if  the  woinid  impulw,! 

the  Bnt,  take  plscg  at  the  itartiDg  point,  it  miut  uiste  with  the  flnt  impulaa,  m  that 
the  conaequsncB  of  a  doable  Intansitir  of  impaJse  vill  be  a  donbte  Telocity  in  the  body 
impelled,  and  in  like  manner  a  triple  intensity  will  produce  a  tnple  velocity,  and  ao  on. 

TkilAUa  RaotiUnui  Motion. — When  a  moving  body  does  not  pan  orer 
eqnal  ipacea  in  eqmil  times,  the  mo&m  ia  not  uniform,  but  Tsriable.  The  late  at  which 
the  body  morei,  or  its  velocity  at  any  in*taat,  ia  the  epaoe  it  mwU  desoribe  in  a  lecond 
of  time,  meanuing  from  tliat  instant,  provided  all  fbroe  were  then  withdnwn,  and  the 
body  left  to  itself.  Its  motion  during  this  aecoad — aa  no  fotce  act*  upon  it — woold  of 
cooTHB  be  uoifonn. 

Hence  velocity  in  general  ia  measured  aa  follows ; — 

If  the  motion  be  unifoim,  the  velocity  is  measured  by  the  qiace  actually  passed  over 
in  a  second.  If  the  motion  be  variable,  the  velocity  at  any  instant  is  measured  by  the 
space  that  mwld  it  pamid  over  in  a  second,  if  all  force  vers  withdrawn  at  that  instan^ 
nd  tiie  body  left  to  proceed  with  the  motion  it  then  has. 

Acc*lM«tlB|  rorce.— A  bod;  may  bo  move  as  to  require  cqnal  acoeasioni  of 
velooity  in  equal  times — that  is,  it  mn;  move  so  that  its  velocity  at  any  time  t  being  c, 
re  may  have 

at  the  times  <,    1  +  1,     f  +  2.       t -)- 3,        (  +  4,    &c. 
the  velocities  <i,    f  +  » '.    ",+  ^i^'    v-\-Zif,    v  ■\-  iif,  &c. 

Or  the  veloci^  may,  in  lite  manner,  be  retarded,  if  being  negative.  Under  such 
[rcumEtances  tbe  velocity  is  said  to  be  uniformly  aleiltraUd,  or  uniformly  ntarded. 

The  canae  of  the  uniform  ooceleration  or  retardation  of  a  body's  velocity,  we  call 
fara;  and  meesuring  causes  by  their  effects,  we  lake  the  amount  of  this  constant 
acceleration  or  retardation  as  the  measure  or  reproacntative  of  a  oonatant  force,  con- 
tinuously acting  on  the  moving  body. 

The  symbol  fbr  this  force  is  /,  which,  viewed  only  in  ita  cSecta,  denotes  merely  the 
velocity  gmeraltd  (or  destroyed)  in  a  second  of  lime.  In  the  iUoatcation  above,  for 
instance, /=:  it'. 

It  is  of  importance  that  the  student  do  not  attach  any  other  meaning  to  this  symbol/, 
than  that  here  assigned  to  it.    The  nature  of  the  occalt  inSuenee  called  dynamical  force 

r,  as  it  ia  more  ftequenOy  named,  aeeelerativi  force — nobody  can  explain.  In  the  pre- 
sent inquiry  we  have  to  do  only  with  its  effect ;  and  this  we  see  is  inerely  augmenta- 
ion  (or  diminution)  of  velocity  ;  and  iherefbre,  like  velocity  itself,  it  is  expressed  by 
ps«,  that  is,  by  linear  meosore  :  it  is  not  the  foree  that  is  acceUtated,  but  the  teioeils/. 

If  the  force  be  constant  or  uniform,  tbe  acceleration  of  the  velocity  ia  also  constant 
r  uniform,  as  supposed  above ;  but  if  the  force  be  variable,  the  acceleration  of  the 
velocity  is  also  variable :  the  only  office  of  accolerative  force  ia  to  produce  acceleiative 
velocity,  end  it  is  only  by  this  latta  phenomenon  that  we  become  cognisant  of  its 
activity,  and  can  estimate  its  intensity. 

Although,  as  temarked  at  the  outset,  we  are  altogether  nnacquainted  with  the  easenco 
of  the  thing  celled  force,  yet  ve  may  have  abundant  means  of  ascertaining  whether  iln 
efiecta  are  constantoTvariable;  and  it  must  be  carefully  borne  in  mind  that,  in  speaking 
of  a  constant  force,  or  of  a  variable  force,  we  liave  reteronce  solely  to  the  constant 
effect,  or  the  Variable  effect.  The  foroe  itself,  whaterar  it  be,  may  in  reality  remain 
entirely  onchangcd ;  and  yet,  if  it  a&ect  a  body  differently  at  different  distances  ftom 
its  supposed  seat  of  action,  we  should  call  it  a  variaiit  force.  For  example,  there  is  a 
fbrco  familiar  to  every  body  called  ^aftty  ;  and  tliere  can  be  no  doubt  that  this  force,  like 
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the  mignitada  of  the  enrth  itwl^  ramuBi  mtchanged:  Tetli  ire  find  tlutttb*  higher 

above  the  Eoifitoe  >  body  be  taken,  the  leu  it  will  weigh,  tnd  the  leu  will  ita  velocity 
be  accelerated,  we  aaf— exduuTely  in  reference  to  these  variable  eSecta— Ihat  gravity 
is  a  Txriable  Ibroe.  It  may  be  observed,  however,  that  aa  thia  variation  of  weight  and 
aoceleisliOQ  is  inaengible  at  moderate  diatancea  from  the  earth's  surface,  in  all  the 
ordinaiy  applicatjoiu  of  dynamica  to  terrestrial  matten,  gravity  may  without  error 
be  regarded  aa  a  cooatant  force. 

It  is  of  importance  that  the  student  have  correct  conceptions  of  the  sense  in  which 
the  terms  velocity  and  foroe  are  employed  in  th^su  inquiiiea,  and  also  that  he  should 
deailf  peroeiv«  that  tpate  is  the  only  concrete  quantity  concerned  in  the  present  portion 
of  dynamics.  The  two  propositions  following,  contain  tie  wliole  theory  of  tlie  recU- 
Unear  motion  t^a  body  under  theinflaencc  of  a  constant  acc<?lcrating  force. 

1.  If  a  eooataot  aooelersting  force/act  on  a  body  now  at  rest,  during  the  time  t, 
prodocinginit  atthe  end  of  that  time  a  velocity  c,  then  rsi/i:.  Foraince/espmasea 
(he  velocity  generated  in  each  aecood,  it  follows  that  in  the  1  seconds,  the  vdooity  tr 
wiUamomitto/!.'.<>  =  A 

2.  If  t  be  the  space  through  which  the  body  is  moved  from  rest  by  the  constant 
accelerating  fcrcB/,  in  the  time  (,  theni^i^. 

Suppose  the  time  (  to  be  divided  into  n  equal  parts ;  then  since  equal  velocities 
arc  gonaaled  in  equal  times,  the  vdocitr  generated  in  the  lame  —  is  the  nth  part  of 


it  generated  in 


at  the  end  of  the 


t,  that  is,  by  last  propoaitiim,  it 
21     31 


is-^. 


Consequently, 


e  velocities  will  be    — ,  —  ,  -^ 


and  at  the  temmfneiiaenl  of 


le  intervals,  the  vclocitiea  will  bo 


If  the  several  velocities  (A)  were  unlfoim  during  the  several  equal  intervals  of 
mo,  then  the  whole  i^>ace  S  described  would  bo 


./>  'j 


w 


i.(":z 


Now,  i1 


;  +  '?■;  + T''-»  + 

ii  obvious  that  the  apace  i  actnally  described,  is  intermediate  between  the 
;    two  spscc*  S,  5' ;  being  less  than  the  fonoor,  and  greater  than  the  latter.    And  thia  ia 
I    evidently  true,  however  short  the  aevetal  equal  intervals,  that  is,  however  large  the 
number  n  may  be. 

Bat  tha  shorter  the  intervals  be  made,  the  closer  do  the  values  S  and  S'  approach  to 
eadi  other,  and  tborcfore  to  the  intermediate  value  <,  till  at  length,  when  the  intervals 
are  diminished  down  to  zero,  by  n  becoming  infinite,  all  three  values  S,  ^  S'  unite  and 
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n  fiH'  the  Tulue  of  3  u 
0  +  3  +  3+    .     .     .    +«)-5 

a       ■  H"  —  V  +  »J    i 

In  like  matmcT,  tho  gcnunl  cipiessioa  for  the  value  of  S'  i« 
{0  +  1  +  2+  .    .    .    +{«_i)}^ 

_  «(«-i)  /<:_/,     h yi" 
—       2       ■  fl»  —  V     iJ  a 

When  n  ie  infinite,  unco  in  that  ease  -  =  0,  each  of  these  eipre«ioiis  hevomeB- 
ifp :  consequently  i  =  iff.  It  nppeniB  then,  from  these  two  piopositionB,  that  if  a 
hody  at  rest  be  acted  upon  by  a  eoostsnt  and  uniform  aceeleraUng  foree  /,  during 
(  Boconds,  the  Telocity  acquired  and  the  apace  described  will  be  eipreseed  by  iho 
equationa 

v  =  fiaada  =  ift'    .     .     .    .    (1) 

From  these  two  important  equations  we  may  proceed  to  deduce  some  inferences, 

1.  The  space  described  in  any  time,  reckoning  from  the  commeucement  of  the  mo- 
tion, is  half  the  space  that  iiiauld  be  described  in  the  same  time  if  the  body  were  to 
move  from  rest  with  a  uniform  velocity  equal  to  the  last  acquired  Telocity. 

For  since  by  (1)  <:=i  (/*)(,  and  «  ^ j^  ,-.  i=.ivt',  but  vt  ia  the  apace  described 
in  t  seconds  with  the  uniform  velocity  p  ;  hence  the  space  »,  actually  described  under 
the  inftuenca  of  a  uniform  accelerating  force,  is  half  the  space  that  -would  be  described 
in  the  same  time  if  the  body  were  to  commence  with  the  dual  velocity  and  move 
uniformly. 

2.  The  spaces  described  in  equal  successive  poriions  of  time,  from  the  commence- 
ment of  the  motioTi,  are  lo  one  another  as  the  odd  numbers  1,  3,  S,  7,  &e. 

For  let  t  in  (1)  bo  gacccaaiTely  1,  2,  3,  4,  &c.,  then  the  apacoa  from  beginning  are 
if-  h  if'  *■  if'  ^'  vf- 1^'  ^<^-  i  tliereforo  the  apacea  tor  the  auccessivc  portions  of  time 
given  by  subtracting  these  epaees  from  the  beginning,  each  from  the  following,  are 
if.  1,  if.  3,  if.  6,  if.  T,  &e.  i  so  that  the  spaces  dcacribed  from  the  beginning  are 
as  the  squares  of  the  times ;  and  the  spaces  described  in  the  luecesaive  equal  por- 
tions of  time  ore  as  the  numbers  1,  3,  5,  7,  4c, 

3.  By  meana  of  the  two  equations  (1),  anyone  of  the  four  quantities /,  t,  v,  s,  may 
be  eliminated,  and  an  equation  deduced  involving  only  the  other  three ;  so  that  any  one 
of  the  four  things — force,  time,  yelooity,  and  apace — may  be  eipressed  in  terma  of  any 
two  of  the  olhcra :  thus,  aa  the  simplest  algebraic  substitulioaa  show,  we  bavo  the 
following  eqiuTolcnt  eipreEsions ; 

iExpreauona  for  t>,      fl,  ^Ift,   y 
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'  i.  A  uniibrm  Mwlerating  force  i*  owannd  by  twioa  tlis  ipue  dasotilwd  ftom  leit 

For  putting  f  =  1,  we  h»vo  /^  -^  ^  2* ;  w  th»t  if  wb  o»n  only  measure  the 
ipoce  tiu-ough  whioh  ■  tiodf,  acted  upon  bj  a  uniform  acceleiatiog  force,  raovea  from 
te  of  real,  id  ono  secooi),  we  con  correctlj  determine  the  vmfom  iffiel  of  tliat  Ibrce 
on  the  body :  it  will  be  double  the  apace  thus  puaod  Ihiough.  In  other  worda,  tbii 
double  spuue  will  be  the  conetast  increment  of  the  velocity  at  each  succeeding  second; 
that  ia,  the  constant  aettUratitn  of  t^  Telocity. 

U  found  by  eiperiment  tiat  the  attraction  of  the  earth  upon  bodiea  near  it»  gnr- 

fcce— tiat  JB,  the  force  of  grerity — caoacs  a  body  to  bll  from  reat  a  distance  of  161 

~   t  in  t)iQ  first  second  of  time.     CouBeguently,  the  force  of  terrestrial  gravity — which 

CO  ia  U9ii[iny  rapreacated  by  g — is  g  ^  32'S  feet :  that  is,  tbis  force,  ooatinuously 

soliciting  a  fulling  body,  will  accelerato  ita  velocity  32'2  feet  every  second. 

It  may  not  be  amiss  to  repeat  hen,  before  proceeding  to  praictical  illuatrations,  that 
where  there  is  uniform  velocity,  in  a  straight  line,  there  ia  no  force.  Wo  should  be 
compelled  to  admit  this,  as  a  necessary  consequence  of  our  evaluation  of  force  in 
dynamics :— where  there  is  no  acceleration  of  velocity,  there  can  be  no  force  urging  the 
body  onwarda  in  it«  path. 

The  student  must  all  along  remember  that  when  we  spealf  of  a  force  acting  on  a 
body,  we  alvnya  rcfor  to  tiie  mechanical  condition  of  the  body  at  the  particular  instant 
that  haa  brought  it  to  whore  we  find  it.  The  impulse  that,  eotiiig  on  a  body  at  lett, 
'a  state  of  nniform  motion,  acts  only  during  the  instant  of  passing  from  rest  to 
rectilinear  motion  :  it  expires,  as  it  were,  in  the  act;  Co  that,  at  whatever  point  in  tht 
ath  deacribed,  the  moriag  body  comes  mider  our  siamination,  we  are  compelled  to  aay 
lat  no  force — not  even  the  force  of  impulaion — ia  acting  upon  it  tAen, 
We  shall  now  give  a  few  eiamplea  coanected  with  acoeleratiDg  force. 
Bx*inpl*s  of  AeoaloiKtiag  Fnro*. — 1.  A  body  move*  irom  rest  with  a 
aniformly  accelemted  velocity,  and  after  the  lapse  of  3  minutea  6  seeoads  ia  found  to 
have  passed  over  4D0  feet :  required  the  aooolerating  force. 

Here  the  time,  namely,  '  sees.  ^  3  mina.  S  aecs.  =  18C  tecs.,  and  the  apace 
described,  namely,  i  =i  400  feet,  are  given  to  determine  /.     Fnun  the  fonouU 
=  i^  we  hays 

/=I=S  =  11= -'»"-■ 

Consequently  the  accelerating  force  is  such  as  to  increase  the  velocity  '0231  feel 
every  second. 

2.  How  &r  will  a  heavy  body  fall  in  four  acconda  ? 

TJdng  g  for/,  we  have  »=  Jji^,  whore  jix  32-2,  and  t=4, .:  »  =  I61  X  *'=2S7'0. 
Hence  the  distance  is  257*6  (bet. 

3.  In  what  time  will  a  heavy  body  descend  40O  feet.' 

I  =  iffp  .:  400  =:  16-lC  .-.  (  =J~^  =  S  seconds. 

i.  If  B  body  bo  projected  vertically  upwards  with  a  velocity  of  40O  feet  per  second, 
how  high  will  it  oseend  ? 

It  will  ascend  to  that  height  from  which  if  it  were  let  fall  it  would  acquire  a 
vdoeity  of  400  feet  upon  reaching  the  earth  ;  therefore  aince  (page  131). 


=  »?■■• 


'  322  " 
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equal  to  tlittb«{«litr 


I.  bodj  &I1  w  tbtt  flu  TelodtT  Mqnlred  niRjr  be 


=  i?,biit.  =  <..M  =  i?     , 


=  M-4fiwL 


6.  Thiough  wliat  height  miut  a  body  f«ll  to  tcquire  a  Tolocit;  of  100  jttii 
ameoail — *"«   ISS'TSfeet. 

7.  A  body  is  [HVjeotod  upwards  with  a  Telocity  of  IfiOO  &et  per  second;  how  Jafjk 
wiU  it  ntcsnd  F— Ans.  34875  feet 

8.  What  time  will  elapse,  after  projecting;  the  body  in  tho  !ut  ciample,  before  it 
•gain  reaches  the  earth } — Ani.  63  seoondi. 

In  the  foiegoing  inquiriea  mpeotiog  the  ledJUneaTmotiosof  bodies  nirier  tile  influ- 
ence of  an  aooeleniting  force,  we  have  supposed  iJis  fiirce  to  move  the  body  fimn  ml. 
We  an  now  to  consider  tlie  case  in  which  the  force  b^na  to  act  upon  a  body  already 
moving  in  the  direction  of  that  loToe,  or  receiving  an  impnlae  in  that  directiim.  Bap- 
pote  a  body  to  begin  ite  motion  widi  a  velocity  ^,  and  from  the  commencement  to  be 
acted  upon  by  a  unifonn  aceeleratiiig  force  /;  then,  as  befnc,  v  being  the  velocity 
acquired  in  (  seconds,  and  i  the  Ipaoe  passed  through  in  that  time,  the  acquired  velocitf 
will  evidendy  be  nude  np  of  the  original  velocity  if  and  the  velocity/)!  communicated 
by  tbe  force  /;  for  thia  force  adds  to  the  velocity  /  f^t  every  second,  or  Ji  feet  In 
( eeooDds,  (0  Hut  in  I  seconds  the  eciiiiired  velocity  is  r  ^  v*  4*^- 

Agsin,  in  virtue  of  tbe  initial  velocity  tf  alone,  the  body  woold  pees  over  the  spaoe 

^(in  1  eeconds;  and  in  the  wme  time/ alone  would  cause  it  to  pass  over  tbe  spaoe 

iJP:  hence  the  comUnatiiMi  of  these  is  tbe  whole  spaoe  passed  over;  that  is,  it  is 

»=:v't-\-i/P;  M  ttst  the  fonnulEB  for  final  the  velocity  and  the  apace  de«cribed  an 

,  =  ^+ft,,=  ,^t  +  ifP       (2) 

If  the  '"tti'l  velocity  if  opposes  that  oemmunicated  by/,  than  c'  is  to  be  taken  with 
•  sign  opposite  to  that  of/ 

Trom  fiiess  two  equations  t  may  be  easily  eliminated,  and  a  third  equation  obtained 
Ifividving  only  tbe  remeining  quantitiea ;  thus,  squaring  the  flrat,  we  have 

,^  =  «■>  +  2  <fl +/» c  =  .rt  +  a/ (^(  +  jyp). 

Hence,  by  the  second  equation,  v^^if*^2fi ,     ,    .     (3) 

As  before,  when  gravity  is  tie  force, /is  replaced  by  y. 

Ex.  1.  A  body  is  projected  vertically  upwards,  with  ■  veloci^  of  490  feet  per  second  ■ 
It  what  height  will  it  be  at  the  end  o!  three  seconds  } 

Hero  tf  the  velocity  of  projection  being  480  feet,  this  velocity  continued  unifonn  fee 
)  seconds  would  cony  it  to  the  height  of  1440  feet;  but  gravity  so  ccunterocls  iU  up- 
ward motion  as  to  draw  it  back  tirougb  a  space  of  JjC  =  i  X  32'2X3'=z  144-9  feet; 
henee  tbe  hei^t  to  which  the  body  is  suffered  to  ascend  ie  only  1440  —  144*9  ^  I29S'l 
ffeet;  auitii,<  =  e'i  — i?C  =  I»B't(eot. 

2.  From  an  elevated  porition  a  body  is  projected  vertically  ufvards  with  a  velocity 
of  80  feet:  required  it*  ^ace  at  the  end  of  6  seconds. 

#  =  rt  —  Jj(»  =  80X6  —  i  32-2  X  6*  =  480  —  fi7B'6  =  —  99'8. 
Hence,  the  place  of  the  body  is  09-6  feet  htleip  the  place  of  projectjoo. 

3,  Wilh  what  velocity  must  a  body  be  projected  downwards  &om  the  top  of  a  towK 
150  foet  high  to  mtvc  at  the  bottom  in  two  seconds  > 

.  =  €'(  +  i?i'.-.<'  =  ;-i,( 

150 

-5-  — 161  X2  =  42-8feet. 
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monaw  or  Bosnn  oir  urcumeit  PLum. 

4.  Ifabodrbe^Bctod  TsitiiaUr  dovnwdi  vltk  a  nboity  of  SO  feet,  haw  br 
win  it  dewend  in  6  leooiids  j— Am.  502-S  feet. 

6.  AbodfiiptojeotedupwardiwithRTelooitrof  lOO&eti  whMwillbeitiTeladty 
wJien  it  hu  Moanded  I(K)  feet  i     (See  ferm.  3.)— Aju.  Jl-6  feet 

8.  In  the  praeeding  example  Sad  at  v-hat  time  the  bodj  it  100  feet  from  the  earth, 
u  well  in  ita  deaoeiit  u  in  iti  asoent. — Am.  1'2  see.  and  17  aeca.  after  projection. 

Motions  off  BodUs  dewa  laellnaA  VUnM.—The  f^  of  a  iwdf  down  an 
inclined  plane  ia  another  inatance  of  rectilineoc  motion  under  the  influence  of  gnvitf. 
When  a  material  auUtaoce  ia  placed  on  an  in- 
dined  plane,  the  force  of  giafity  pioducea  ■ 
certain  Terticd  pnaeore  F;  if  we  reaolTe  Ihia 
prenuro  in  two  direetioni,  the  one  along  the 
plane  and  the  other  peipendiookr  to  it,  the 
former  component  will  be  P  nn  ^  taking  i  for 
the  inclination  of  the  plane  to  the  horixtm ;  and 
to  prerent  the  body  bom  ntoviag  down,  tliia  ia 
the  force  or  preMure  that  mutt  be  counterbalanced. 

Aa,  therefore,  P  rapreaeati  the  praMuie-fome  of  granty  on  the  body  in  a  Tertical 
direction,  and  P  ain  {  the  preaaura  in  the  direotiim  of  tha  plane,  and.  aa,  when  n 
takes  the  place  of  theae  statical  pceaamei,  the  aocelentdng  finoe  of  graTity  ia  proportiimal 
to  them,  we  ahall  hate  tor  the  acoalttatian  down  the  plane, 
P  :  P  ain  i  : :  y  :  5  rin  u 

Hence  tlte  body  it  urged  down  tha  inclined  plane  bj  the  oonatuit  force, 


(1) 


And, tliecefore,aubetitutingthi«  vslneof /'for/in theforailUeat page  134,  those for- 
mnls  will  then  oomprise  the  entii«  theory  of  motion  down  an  inclined  plane. 

Iflrepiesentthelengthof  the plane,Bndjl  its  height,  then  sin  1=:;  .^  :  oonseg^nentlj 
die  aoecletating  Baee  down  the  plane  ia 


=  ?7 


And,  therefore,  the  Telocity  aoquii«d  in  dcMeoding  down  the  whole  length  I,  that  ia  in 
descending  thioQgli  the  space  t  =  j;  by  the  actio)  of  this  fi»«e,  moat  be  [page  134) 

•  =:v'2/i  =  t/3f» (a) 

This  expresnon  we  see  ioTolTes  only  the  heighL  A  of  the  plane,  and  la  independent  of 
ib  length  I:  benoe  the  velocity  acqnfaed  in  deacandiiig  down  all  planes  of  tb«  Mua 
hnght  is  the  same,  and  equal  to  the  velcoUy  acquired  by  bUing  Tartieally  through  &»t 

But  the  TeboiUea  of  two  bodies,  ona  felling  Orough  the  peipendieular  height,  and 
one  felling  down  the  length  of  tile  plane,  are  toapectiyfdy 

where  t  and  f  an  tte  mpcctire  times  oocnpied  in  felling :  tkeae  ezpreaaioBa  are  there* 
fore  equal,  that  is, 

j(  =  /Csini.-.is=55J 

So  that  the  time  of  falling  thtough  the  hmght  ia  to  th^  time  of  felling  down  the  plane, 
>a  the  aineoftha  plane's  inelinatioe  to  unity. 

Ifwo  wish  to  know  what  aitait  of  Leaig^  down  the  plane  a  body  will  paaa  dirou^ 
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ThUe  another  MIb  thiough  tlu  vhole  height,  then  re&rnug  to  the  eif  reuion  lor  the 
ipaca  (page  134),  we  haye 

Vertiiial  fall,  k^i^;  inclined  bll  in  time  t,i^igsni.P; 


■:  I  : 


>  =  hu 


If,  therefore,  from  B 


imir  the  perpendicular  B  D,  the  length  A  D  will  be  that 
feUen  throngh  by  one  body  moving  doTn 
the  plane  A  0,  Vhile  another  body  faUe 
through  the  heig-lil  A  B,  becausG 


Ifw 


AD= ABw 


=  ABb; 


dra-wthe  verticiil  DB',  and  BB' 
perpendicular  to  D  B,  then,  bythiBlleo- 
rem,  tho  time  of  fulling  dawn  the  oblique 
liDB  D  B  wonld  ef^ual  the  time  of  falling 
down  tho  Tertical  D  B',  for  D  B  =  D  B' 
cosD;  butDB'=:AB,  Bince  AB  ia  a 
parallelogram,  Herefore  the  fiine  of  fall- 
ing down  the  vertical  A  B  is  tie  same  aa  the  time  of  faffing  down  either  of  tlio  oblique 
lines  AD,  D B  at  right  angles  to  one  another ; 
hence  this  remarkable  property  of  the  cirde,  name- 
ly : — If  from  the  eitremilies  A,  B,  of  the  vertical 
diameter  AB,  chorda  be  drnwii,  as  in  the  anneied 
diagram,  a  body  would  fall  down  cither  of  them  in 
the  same  time  that  it  wonld  &11  through  the  verti- 
cal diameter  A  B,  .... 
The  fbllowing  ore  a  few  eiamplra  on  IIig  moljtm 
of  bodies  down  incUned  planes  : — 

1.  If  the  length  of  an  inclined  plane  be  60  feet, 
and  itainclinatianto  the  horizon  SW,  what  velocity 
would  a  body  acquire  in  falling  down  it  for  two 
■econda? 

B;  the  formula  (4),  since  sin '30'  =  },  we  haTe 
0  =  j(  mn  •  =  32-2  X  3  X  i  =  32-3  feet  per  sec. 
Bencfl  the  vebcity  ia  the  same  as  would  be  acqmred  by  a  vertical  fall  in  ono  second. 

2.  How  long  would  a  body  be  in  falling  down  an  inclined  i^ane  whoso  length  is  100 
feet,  and  inclination  60°  i 

Substituting  the  acceleratiim  ?  sin  i  for/,  and  I  [on,  ia  the  expression  for  i,  at  page 
131,andreniembeiingtbatmn60°^i  V'3,  wehave 

I       400  20  „, 

^SiTxWs  =  V32-2  X  V/3  =  1^(342  Xl/3)=2J  ""'"^ 

3.  A  body  is  projected  np  an  inclined  plane  whose  heigbt  is  ilh  of  its  length,  with 
a  telodty  of  M  feet    Find  its  place  and  velocity  alter  six  seconds  have  dapaed. 

In  this  ease  the  force  j?  -  (equation  2)  retardi  the  moUon  of  tbe  body^  and  must 
therefore  be  eonudered  aa  oogaUvB :  hence,  from  equation  (2)  page  138,  we  have 

=  60  X  6  — 18-1  X  i  X  38=6  (SO  —  18'I)  =203-*  feet. 


~  VySm;  ~  \S2 
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Also  t=i^--s-^t 

=  60  —  32-a  =  17'S  ftet,  the  Telocity  required, 

4.  If  a  body  be  projected  npun  inclined  pLmo  whose  length  is  ten  tiiuea  its  height, 
with  a  Tdocity  of  30  feety  in  what  tima  will  the  Telocity  be  deatroyed,  and  the  body 
begin  to  roU  down  i 

Xhe  time  is  obriouBly  the  same  as  would  be  lequired  to  produce  a  velocity  of  30 
feet  in  a  body  falling  fnun  rest  down  the  some  plane :  henco,  aubstitutiag  the  aecclcra- 
tiony  -  for/ in  the  espression  for  I  (page  134),  we  havo 

vl         30  X  10         300        „  „      .      , 
'  =  7a  =  3-2¥3o  =  3r2  =  ^'^  "^^^ 

In  the  foregoing  investigatioiu,  the  student  will  observD  that  no  allawaace  is  nude 
for  the  Motion  of  bodies  rolling  down  inclined  plaaca ;  nor,  whether  bodies  fall  verticiilly, 
(s  obliquely  as  in  this  nrticle,  is  the  resiEtanca  of  the  sir  taken  into  account.  Thcae 
hindrvien  to  free  notiim  can  he  esUmated  only  by  practical  and  experimental  researches, 
under  Tsiioua  ciroomstanoes  and  conditions.  The  resistance  of  (he  air  cumot  be  pro- 
vided against,  as  la  obvioua ;  but  in  pieoes  of  delicate  madunery,  many  ingenious  con- 
trivances are  reiorted  to,  to  i^irnin;.!!  friction,  and  to  render  the  departure  from  rigid 
mathematicai  theory  as  trifling  as  posaible.  The  subject  of  trictiun  will  como  under 
conaideiBtion  in  the  treatise  oq  FlucncAr:  Meciumks. 

^1*  VaxallelogtUM  of  TalooiUes — The  forces  conaidered  in  Dynamics  tu-e 
influence!  oftheaamo  kind  as  thosoconsidered  in  Statics;  they  merely  exhibit  their  eSecla 
a  a  diffSwnt  manner.  What  in  Statics  produces  prcaaore,  would  in  DynaBuoa— that 
9,  if  the  thing  pressed  were  removed — produce  motion  :  the  effects  in  both  caaeB  being 
proportional  to  the  csiiscB ; — a  double  pressure  fnun  the  same  body,  like  a  double  ae- 
coleration  of  velocity,  implica  a  double  force. 

It  may,  however,  be  proper  here  lo  anticipate  a  difficulty  which  the  student  may 
possibly  feel:  he  may  perhaps  reason  thus: — ^"A  weight  of  ten  pourkds  produces  a 
pressure  ten  times  that  oi  one  pound,  yet  the  one  pound  weight,  If  let  MY,  is  accelerated 
just  as  much  as  the  ten  pound  weight ;  whereaa  irom  what  ia  here  said,  it  woohl  seeEU 
that  the  heavier  we^ht  ought  to  be  accelerated  tan  tiotes  as  much  as  the  lighter,  seeing 
"lat  its  pressure  is  ten  times  as  great." 

But  this  apparent  difSculty  can  arise  only  fron  a  wrong  conception  of  what  is  stated 
above  :  we  are  not  comparing  the  pressure  of  dij^rntf  bodies  under  the  same  force  acting 
npon  all  their  partieles,  but  the  pnasnre  of  the  $aiia  body  under  different  acting  foroea : 
for  example,  if  the  same  body  were  acted  upon,  uow  by  tho  force  of  gravity,  and  here- 
after if  the  same  body,  or  an  equal  body,  were  acted  upon  by  a  force  only  half  that  of 
gravity,  then,  as  stated  above,  the  effect  in  the  former  cose,  whether  that  effect  be 
presBore  or  acceleration,  would  be  double  the  like  offset  in  1'  ~ 
otherwise,  then  the  statical  measure  of  force  (pressure) 
and  the  dytunnioal  measure  (aooelerstion  of  Teh)city) 
eould  not  each  of  them  be  a  correct  measure  or  expression 
of  tlie  intensity  of  what  we  call  force. 

it  has  been  ftilly  proved  in  Statics  (page  44),  that  if 
two  forces  F  and  Q  act  at  A,  and  A  B,  A  C  represent 

ir  directions  and  intemities  respectively,  then  will  A  D  represent  in  dircctioo 

:  intensity  thox  united  effect. 
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The  statioal  effuct  rcnuine  tlie  same  however  long  tlie  timet  or  preasoreB  act,  for 
limt  it  no  element  of  coiuideration  in  Statiea.  Bat  the  dynunical  effect  ii  that  at  the 
iiutiiat  the  body  acted  on  bj  the  fbroei  i>  at  A,  the  oontlnuoiu  action  of  the  farce* 
aJUrumrdi  not  entering  into  consideration. 

The  pBiallBlagtBm  of  veheitin  U  independent  of  the  panlleloemn  of  fbrces.  It  vill 
be  remembered  that  &e  retocity  of  d.  body  at  any  point  of  its  path  ii  the  apace  it 
would  faat  oyer  ina  unit  of  time,  proridcd  ita  rate  or  apeed  at  that  point  wen  onifoimly 
continued  duiii^  the  nnit  of  time. 

Suppoae  the  body  when  at  A  were  animated  with  a  Telocity  that  would  alone  carry 
it  uniformly  along  A  B  to  B,  and  with  anotlier  velocity  that  would  alone  carry  it 
onifonnly  along  A  C  to  C  in  the  game  time :  theae  velocities  may  be  conaiderod  ai 
communicated  by  two  BtmullancouE  impulses  in  the  directionB  A  B,  A  C  .  the  thing  to 
be  shown  ia,  that  the  body  wonld  be  carried  unifiamly  along  A  D,  end  would  arrive  at 
II  in  the  time  spoken  of. 

For  while  the  body  is  moving  nnifortnly  Grom  A  to  B,  concdve  that  the  line  A  B 
with  the  moving  body  on  it,  ii  carried  parallel  to  itael^  and  with  the  eeoond  unifbim 
veh>cit7,  up  to  C  D :  by  the  hypoQieaiB,  it  will  have  arrived  at  C  D  in  the  Mae  time  t 
the  body  will  have  arrived  at  Qie  eztremitjr  of  the  moving  line:  consequently,  atthe  end 
of  that  tjme  the  body  will  be  found  at  D.  And  that  it  will  have  arrived  there  with  a 
uniform  motion  along  the  diagonal  A  D,  will  appear  from  eonradering  that  if  any 
point  of  ita  path  were  out  of  that  diagfmal,  the  nniform  relation  of  the  component 
velodliei,  namely,  A  B  :  AC,  would  there  be  deatroyed :  that  the  diagonal  is  described 
with  a  unilbrm  velooity, — or  that  equal  portions  at  it  are  passed  over  in  equal  portions 
of  the  time,  te  plain,  because  the  nnifonnlj  moving  line  A  B  passes  over  equal  portions 
of  the  diagonal  in  equal  portions  of  tie  time. 

Since  in  t^e  preceding  ftgnre,  trigonometry  gives  fbr  A  D  the  exprcsdon 
AD'  =  AB'+BD'  —  aABBDcosABD, 
and  rince  —  cosABD^  +  cosBAC,  if  the  direotioni  of  the  component  velocities 
V,  v'  make  an  angle  a  with  each  other,  then  the  mmltant  velocity  V  will  be 

T>  =  P*  +  C^  +  2w'  COS  B 

From  attending  to  the  former  part  of  the  pieoeding  examination,  it  will  bo  seen 
that,  however  irrcgnlar  the  motion  that  wonld  carry  A  to  B,  and  however  irreguhu'  the 
motion  that  would  cany  it  to  C,  in  the  aame  time,  the  resultant  of  the  two  motions 
would  necessarily  carry  it  to  D  in  that  time,  although  not  by  the  path  A  D,  except  the 
two  component  motions,  during  eimultaneous  portions  of  the  time,  are  always  sa  A  B 
to  A  C.     Tliis  truth  will  ho  of  oonsidernble  importance  in  the  next  article  (m  projectiles. 

On  tlu  M«tian  vt  Piejeetllea. — If  a  body  be  projected  obliquely  upward  or 
downward,  the  attractive  force  of  gravity  will  cause  it  to  talcs  a  curvilinear  path.  If  the 
veloeity  of  projeetion  be  considerable,  and  the  body  projected  present  much  laifkea  to 
tiie  atmospbere,  Ae  resatance  of  the  air  will  greatiy  modify  the  tr^m  of  the  curved 
path,  and  the  range  of  the  projectils ;  and  it  ia  no  easy  matter  to  determine  one  or  the 
oUier.  But  if  the  body  beaupposed  to  ntoveftee  from  such  obstrnction  (as  ina  vacuum), 
all  the  oircumstancea  oonnected  with  the  flight  of  a  projectile  can  be  readily  asoirtained. 
u  also,  with  a  close  degree  of  approximation,  even  in  actual  practice,  if  the  velocity  of 
projeotioa  be  bnt  smalL 

Supposing  atmospheric  reaistance  to  he  teraoved,  the  path  of  the  projeetile  wtt- 
always  be  the  oonio  section  called  iparaiala  (see  Pkaotkuj,  Qvawenx,  page  444), 
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Vatbof  Vs«d«atU>«'*nb«U<— Lat  ABbetha  dinction  in  vhuh  kbodjii 
projectsd  bota  the  point  A,  with  a  vslMiitr  •-  If  no  olhei  motion  were  inpteued  upon 
the  body,  it  would  moTB  unifonnljr  along  A  B  with  the  origin»l  velocity  e,  and  in 
(■eocmdi  would  amre  at  B,  luppoaing  AB  =  (4.  Bat  ai  gian^actt  ostLe  body  from 
the  oomnMncemoit,  thii  force  alone,  id  t  «eaoiidi,  would  draw  the  body  down,  almgA  C, 
to  C,  (uppoaing  A  C  =  ipfi  (page  13i). 

Conuquently,  campleting  the  parallelogram  B  C,  the  body  in  t  Msondi  ia  fonnd  at 
P,  aa  piOTed  at  the  cloae  of  la«t  article.    Now 

CP=:AB  =  <rt,  aBdAC  =  Jj(> 


Thii  ii  what  ii  called  tbo  ajuafwn 
tangent  to  the  corre  at  the  point  A,  and 
A  C  being  puallel  to  the  asia.  The 
equation  i>  oauaUy  written  thui:  g'  ^ 

when  y  ia  the  ordinate  C  P  of  any 
point  P,  and  « the  abwaaaa  A  C,  of  that 
point,  while  a  ia  any  conatant  multi- 
plier of  the  sbaoiata.  Theet^uatioavhen 
A  ia  at  the  vtrla  of  the  curve,  ia 
inTeatigatod  at  page  444  of  the  PniO- 
TiCAi,  GBOMBinT,  It  fbUowi,  tiierefbra, 
that  the  prajeetile  in  ita  fli^t  alwaya 
tmce*  out  a  par  '  ' 
multiplier  in  ita 

ia  known  from  die  tiieory  of  the  para- 
bola, that  thit  Mmilant  anltiplier  ii 
alao  4  S  A,  S  being  the  focua  of  the 
curve:  it  ia  further  known,  and  iapiored 
at  the  page  juat  referred  to,  that  the 
diatanoe  A  B  of  any  point  A  in  the  cnrre 
from  the  ibcua,  ia  alwaya  equal  to  the 
diatanee  of  the  nme  point  from  the 
dinelrix.  Let  thia  diatanee  be  called  A,  then 
4aA=  ~  =  4A 


,  CP«=^.AO         ...    0) 

a  paraiola,  A  B  paiaM  to  C  P  betng  a 


ip" 


=  2?A 


(2) 


But  tiiia  value  ezpreaaea  the  aquire  of  the  velocity  which  a  body  would  acquire, 
from  tlie  foTM  of  gravi^f,  by  &lling  from  rest,  from  the  hei^t  h ;  conaeqnentlv,  the 
vebwi^  of  prqectioa  ia  eqnal  to  that  whioh  the  body  would  acquire  by  blling  frtn  tho 
directrix  of  tlie  paiabola,  which  it  (races,  down  to  the  point  of  projectioa. 

T^toaUj  ^  tairftAatott^TKth, — Itliaa  juatbeenahown  that  Abdngthe 
polntof  projectioii,and«  the  velocity  of  projectioa,  that  velocity  will  bo  «  =  1/(2^.  8  A). 
Bat  any  point  P  of  Iha  path  may  be  regarded  aa  the  point  of  projection,  and  the 
corresponding  velocity  aa  tlie  velocity  of  projection,  to  that  the  expreaaioii  (2)  applies 
equally  to  any  punt  in  the  onrve  traced,  A  being  the  diatanoe  of  that  point  below 
the  directrix,  and  v  the  velocity  at  the  samo  point.  Hence,  Oie  velocity  of  the  pro- 
teetile  at  any  point  of  ita  conno  ia  the  same  aa  the  velocity  it  would  acquire  by 
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falling  Tertically  from  the  directrix  down  to  that  point.    And  it  fuitlMr  foUowa, 
tbat  at  equal  heights,  in  ascending  and  d««cending,  the  projeolile  will  have  equal 


a*«ftt«st  Height. — la  order  to  Mcertain  tha  greatest  height  to  Thioh  the  pro- 
jectile will  ascend,  ve  most  of  couth  knovr  the  velodty  of  projeotion,  uid  the  direc&ui 
(if  that  velocity.  It  will  hIbd  be  convonient  (o  replace  thia  velooitj  by  two  oompanent 
velocities  equivalent  to  it  in  effect: — the  one  a  horizontal  velocity,  and  the  other  a, 
vertical  velocity  (see  page  140).  If  a  bo  Iho  angle  of  projection,  that  ia,  the  angle  of 
clevaliQn  of  the  initial  direction  above  the  hoiizonal  lino,  then  the  velocity  v  of  pro- 
jection will  be  equivalent  to  the  horiiontai  velocity  e  cos  a,  combined  witi  the  vetticol 
velocity  p  sin  a. 

Now,  it  is  plain  tliat  gravity,  wHch  acts  only  ia  a  vtrticai  direction,  cannot  in  any 

way  diituib  the  horismtal  velocity  c  coi  a,  so  that  this  velocity  ia  the  same  at  every 

point  of  the  path.    But  the  vertical  velocity  e  sin  a,  having  the  whole  influence  of 

gravity  to  check  and  oppose  it,  will  be  utterly  destroyed  and  leduoed  to  0,  when 

gravity  has  acted  aufllciently  long  to  impress  on  the  body  (auppodng  it  left  free  to  obey 

its  solicitations)  a  downward  velocity  equal  to  the  upward  velocity  v  ain  a.    The  spaces 

through  which  a  body  must  &U  to  acquire  this  velocity,  or  the  height  to  which  it 

must  ascend  to  loie  this  velocity,  is 

,  (velocity)' ,  «•  sin'  "..,„.  n» 

•  =-i  ' ^^  =  3 ^  A  sin'  a  (by  equa.  2) 

Hence,  the  greatest  height  to  which  the  projectile  discharged  in  a  given  direction 
can  ascend,  will  bo  found  by  multiplying  the  height  (A)  through  which  a  body  must 
fall,  to  acquire  the  velocity  (c)  of  projection,  by  the  square  of  the  sine  of  the  angle  (a) 
of  elevation. 

With  the  sine  projectile  velocity  v,  the  highest  point  to  which  the  projectile  can 
ascend  under  different  elevations,  will  of  course  be  that  due  to  the  elevation  of  Vf  \ 
and  we  aee  accordingly,  that  the  multiplier  sin*  a  is  greater  for  this  value  of  a,  than 
for  any  other. 

Tims  of  Fligbt.— The  time  occupied  in  the  flight  of  the  projectile,  that  is,  tiie 
time  from  discharging  It  till  it  &.lle  to  the  horizontal  plane  passing  through  the  point  of 
departure,  will  of  (ouree  l>e  double  the  time  in  which  the  vertical  velocity  is  deetnyed, 
aa  the  body  must  fall  to  the  horiiontal  plane  with  the  some  vertical  velodty  with  which 
it  left  it.    The  time  in  which,  by  gravity,  the  velocity  e  sin  b  would  be  gMieratad,  is 

velocity c  sin  a 

~'     3       ~     3 
.:  2t=2  ""'",  the  time  of  flight. 

The  time  of  flight,  therefore,  aa  might  be  eipectod,  is  the  greater  (with  the  same 
Telocity  of  projection),  the  neater  the  directionof  projeotion  ^preaches  to  the  vertical; 
since  ain  a  increases  if  a  inoreases  and  does  not  exceed  90°. 

KMlga  of  Um  PzoJectUe.^The  range  ia  the  distance  on  the  horizontal  plane, 
through  the  point  of  departure  at  which  the  projectile  falls.  It  has  just  been  seen  that 
the  time  of  flight  ia  2  ■  ',  and  since  tlie  horizontal  velocity  k  coa  a  ia  uniform  nil 
thia  time,  we  have  only  to  £nd  the  space  due  to  the  velocity  «  cos  a  in  the  time 
2  ,  that  ia,  we  have 
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Hence,  witli  the  aame  velocitj  v  of  projection,  the  range  increaBes  aa  a 
and  this  it  does  u  n  inoreaeeB  fVom  a  :=  0  iip  to  a  ^  4S°  :  therefbrG,  vith  the  suae  velo- 
utj  of  prajeclioji,  the  isnge  at  an  elevation  of  16°  will  ho  groatet  than  at  any  other 
eHevation  vhalever.  And  ainue  the  Bine  of  an  angle  ia  the  aame  aa  the  aine  of  its  supplo-, 
ment,  that  is,  since  aia  2a  is  the  same  as  ain  (180°  —  2a),  it  foUOTS  that  the  eleTatWU 
90°  —  a  gives  the  aamo  range  aa  the  elevation  a :  hence  the  ranges  of  projectilea,  at  *Iiy 
elevationa  above  45°,  are  the  same  as  the  ranges  at  elovatioiu  aa  mnoh  Wow  4S°. 

The  length  of  the  tnazimum  nuige,  that  is,  when  a  =  45°,  ia  ihown  tbove  to  he  — ; 
V  being  the  initial  Telocity,  and  this,  as  proved  at  page  111  (equation  2),  ia  the  aama  as 
~  :  so  t2iat  the  length  of  the  maximum  rouge  is  equal  lo  twice  the  height  due  to  tlie 
velocity  of  projection. 

If  the  range  of  a  shot  with  a  known  eleralion  of  the  piece  be  ascertained,  it  will  be 
easy  to  determine  what  the  range  would  ho  with  the  aame  charge  of  powder  at  any  oflier 
elevation.  For  calling  the  raaiiroiim  range,  or  that  due  to  the  elevation  n  =  46°,  K,  and 
fljB  range  duo  tO  any  other  elevation  (a')  r',  we  have,  from  the  tiMult  just  deduced, 
r'  ^  K  Bin  2a' ;  so  t^t  hy  help  of  the  maximum  range,  any  other  range,  with  the  same 
charge,  may  be  easily  found.  Or  if  we  Icnow  any  range  r,  corresponding  to  the  eleva- 
tion a,  then  to  determine  the  range  r',  cotresponding  to  another  elevation  a',  we  have  the 


■0  equati 


r'  =  H  un  2i^  atLd  r  =  B  sin  2a 


The  following  aro  tho  principal  results  in  flie  fhregoing  theory  of  projectiles  it 
an-redatiDg  medium : — 

Tiaw  of  flight,  i  =;  3  f  sin  a  =  2  ain  a  , /— , 


GrcalcBt  range,  R=  —  =2A, 

Greatest  hei^t,  H  =  A  sin*  a. 

Where  J  is  32-2  feet,  a  the  angle  of  elevation,  «the  velocity  of  projection,  and  A  the 
hdght  from  whioh  a  body  matt  fail  from  rest  to  acquire  that  velocity. 

These  results,  however,  onght  to  be  regarded  as  but  purely  th«o>«tio«l.  In  practicn 
the  reaiBtance  of  the  air  ia  so  great  in  high  velocities,  aa  to  render  them  almost  uaelee* : 
the  mathematical  doctrine  of  projectiles,  through  a  reusting  atmoaphaie,  is  full  of  diffl- 
ooltiee ;  and  aa  the  laws  of  resistance  are  aa  yet  hut  Insufficiently  eslabliahed,  practical 
men  must  be  guided  chiofiy  by  the  results  of  actual  experiment.  The  eiperimenta  in 
gonneiy,  by  Dr.  Huttoii,as  given  in  his  "  Uathematical  Tracts,"  maybe  consulted  witli 
advantage. 

Cliculu  Motion — Oenttifnc*!  rorcc— If  a  body  move  umfimnly  in  the  or- 
comference  of  a  cirole,  the  force  Ij)  which  that  motion  is  due  must  reside  in  the  centre  of 
tliet  circle.  This  is  only  a  particular  case  of  the  following  more  general  proposition.: 
namely,  that  if  a  body  describe  any  curve,  in  virtue  of  a  fbree  continually  diverting  it 
(tom  its  wonted  rectilineal  path,  that  force  mtut  ronde  in  a  point  such  t^t,  conceiTlng 
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A  line  to  join  thai  point  with  the  moTiug  body,  this  line,  moving  with  the  body,  unisl 

•weep  orer  eqoal  aeetional  areiu  in  equal  time*. 

Thii  may  be  reidily  {iraTed  by  flrat  eetabliiliing  the  direot  proporition,  namely — that 

if  ■  body  deicribe  a  onrre  about  any  centre  of  force,  and  a  line  be  sappoiod  to  unite  tint 

iMDtre  with  llie  body,  equal  areu  will  be  described  in  equal  limes. 

Let  anattiactire  force  at  S  act  upon  a  body  at  tlie  distance  S  B ;  and  to  simplify  Che 

inquiij,  imagine  at  fint  that  instead  of  acUng  continuatuly,  the  force  eierU  itaelf  only 
■t  ihoTt  regular  interrala;  that,  in  fiiot,  it  coosiBta  of  only  equal 
■ucceasTe  impulses. 

Let  A  B  be  the  rectilinear  path  deseribed  by  the  body  during 
any  one  interral  between  two  lucoesaire  impulae*.  At  B  Iho 
impulse  is  repeated,  and  the  course  of  the  body  is  direrted  into 
the  new  patb  B  C,  which  is  described  during  the  next  interral,  at 
the  end  of  which  another  impulse,  in  the  direction  C  9,  bends  its 
path  again,  and  so  on.  In  the  two  iDterrsli  hera  considered,  the 
triangular  areai  SAB,  SBC,  will  have  been  described  -,  and  il 
will  be  easy  to  show  that  these  areas,  thus  deacribed  in  equal 
times,  are  eqoal.  For  if,  when  the  body  was  at  B,  no  trail  im< 
pnlae  had  boon  given  to  it,  it  would  hare  mOTCd  forward  uni- 
fbtmly  to  M,  describing  B  M,  the  condnuation  of  A  B,  equal  to 
A  B ;  in  which  case  the  triungular  areas  S  A  B,  S  B  M,  would,  of 
coune,  have  been  equal :  it  remaius  to  show  that  the  latter  of 

these  is  also  equal  to  the  triangular  area  SBC 

The  impulse  from  3,  if  it  had  acted  alone  on  the  body  when  at  B,  wonU  have 

brought  it  to  some  point  N  in  B  B,  in  the  prescribed  interval  of  time ;  and  its  unifbnn 

motion  along  A  B,  if  undisturbed,  would  in  the  same  interval  liave  brou^t  it  to  U.    In 

virtue  aftLesetwo  uniform  motions,  the  one  &om  B  tolf,  and  tlie  other  fromB  toU,  in 

the  same  time,  the  actual  motion  of  the  body  is  along  the  diagonal  B  C  of  tba  parallelO' 

gramHN,    Hence  MC  being  parallel  to  fi  S,  the  two  triangles  B  M  S,  S  C  S,  upon  the 

same  base  B  S,  are  between  the  same  parallels,  and  _  ^ 

are  diu^re  equal ;  thereferc  the  triangle  B  C  S  is 

equal  to  the  triangle  ABB.    It  follows,  therefore, 

llut  in  the  eqael  times,  equal  triangular  spaces  have 

been  described. 

In  the  aame  mannn  as  il  has  now  been  shown, 

that  the  triangular  ana  SAB,  described  in  tho 

fint  interval  of  time,  is  equal  to  that  S  BC  de- 
scribed in  tlie  secraid  equal  interval,  so  may  it  be 

abown  that  the  liiangulai  area  described  in  the 

third  interval  is  equd  to  that  described  in  the 

■econd,  and  ao  on.    Hence  theae  triangular  areas,  as 

figuied  in  the  margin,  being  all  eqt^  it  follows, 

uniting  any  number  of  them  in  one  area,  that  equal 

ar«as  are  thus  deacribed  in  equal  limes. 

As  *!''«  is  true,  however  small  the  individual  intervals  of  time  betweci 

may  be,  it  is  true  when  these  intervals  are  insensibly  small,  or  when  the . 

pnlies  follow  in  one  continuous  force,  and  the  lines  A  B,  B  C,  &c., 

tiiHUius  curve.    Hense,  when  a  body . 


e,  by  the  cc 
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onB  BditD.  of  a  ocmtnl  foiee,  equal  areaa  me  described  ibout  the  oentre  of  foioe  in  equal 

Conrersely,  if  equal  aieai  axe  deacribed  sbont  a  point  in  equal  timea,  tbe  centre  of 
fon»  goTeming  Uie  motion  of  tlie  body  muat  be  at  that  point. 

Suppooe  the  two  equal  areas  8AB,SBC,  tobe  deieribed  about  S  in  equal  tinrn 
(Fig.  at  page  144) :  then  if  the  force  actiiig  on  B  were  not  in  the  direction  B  S,  M  C, 
parallel  to  the  direction  or  tiie  fbrce,  would  not  be  parallel  to  B  8;  that  is,  two  tciangles 
S  B  C,  3  B  H  on  the  aame  hue  B  S,  though  not  between  the  nine  faiallelB,  are  eqoal, 
which  ii  impoesibte  (Eoo.  40  of  I.). 

It  fbllowa  from  this  that,  if  a  body  under  the  inSuenoe  of  a  oontinuoua  force,  movo 
nnifonnly  in  the  oiioamfferenoe  of  a  circle,  tbe  force  muat  be  ftt  tlw  ocaitre  of  that  circle, 
because  equal  sectional  areas  are  described  in  equal  times,  liace  equal  arcs  are. 

The  fbrce  by  which  a  body  moTing  in  a  curre  is  drawn  at  any  instant  towards  the 
ocntre  of  attraction  3,  is  called  tbe  etntriptlat  force  at  the  distance  the  body  is  at  that 
instant :  the  opposing  force  with  which  the  body  tends  to  fly  off  tnaa  tlie  oentxe,  and 
proceed  in  a  rectilinear  patih,  is  called  the  eatlri/t^ai  fbrce.  In  circular  motion  theee 
fbrces  are   ereiywhere  exactly  equal;  ^     u  D  A 

neither,  at  any  point  of  the  drcular  path, 

the  centre  of  force  B  being  orerywhere  the 
same.  Let  the  arc  A  B  be  described  in  one 
second :  draw  B  £  perpendicular  to  A  S  j 
then  in  one  second  the  body,  originally  at 
A,  win  hare  iallen  &om  its  wonted  Btraight 
path  A  M,  a  diatanoe  =:  A  E  towards  the 
foioa  at  8 :  henee,  2  A  E  expreasei 
of  that  force  (page  I3S]  acting 
QD  A.  Join  B  A' ;  then  mnoe  the  arc  A  B 
difiera  inaeniibly  from  its  chord  (for  the 
time  of  describing  it  may  be  r^arded  aa 

minute  as  we  pleaae],  we  may  regard  ABA'  '^ 

as  aright-angled  plane  trian^,  since  the  angle  B  is  in  a  aemidiole ;  therefbre  (Euc.  8.  TI.) 
AE:AB::AB;AA' 


Now  S  A  E  re^esEDta  the  aooelerating  force  at  S,  or,  taken  in  on  opposite  diNOtioD, 
itrepresmts  the  oentrifngal  fixoe/,  and  AB  repreaent*  the  velocity  v  in  the  ourre;  con~ 
seqiwntly  the  centrifugal  force /=:  — ,  where  r^  radius. 

If  as  nioal  w  be  made  to  «tand  for  the  number  3*14159,  &c.,  the  whole  oiroumjereneo 
of  tbe  circle  will  be  3-rr;  thar^tre,  falling  the  whole  time  of  describing  the  circum- 
ference—that  is,  the  periodic  time,  t — and  remembering  that  the  Quifonn  Telocity  «  is 
equal  to  the  wlu^  space  divided  by  the  whole  time,  wo  have 


2»r 


/= 


In  the  fhregoing  reaioning  we  are  required  to  take  t  n  many  tcnadi;  but  tbt 
r  time  may  be  regarded  as  mooh  smaller  than  this  as  we  please ;  and  thus  the  ei 
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cuufuujiding  the  arc  A  B  with  lis  chord  maf  be  enliiely  lemored,  ao  tlut  we  may  con- 
clude rigorciuily  that— 

The  centrifugal  force  in  a  circle  raiies  its  the  radius  divided  by  the  iqaara  of  the 
tdiiie  of  deeoribiiig  it :  thus,  tor  anotbel  ciide  ire  diauld  have  F  ^  — tj^^ — : 

where  /,  F  stand  tot  the  centrifugal  or  centripetal  forc«a  at  the  respecliTe  cenlreB  of 
cirolcB  of  ndii  r,  S,  and  in  which  the  periodic  timea  are  <,  T.  If  B  ^  r,  that  is,  if  the 
cijcha  are  equal,  Iho  centrifugal  forces F,/are  inTerselyaa  tJiesquaresof  thetimea  T,  (. 

An  inloreiling  application  of  thcae  reaulta  ie  lij  the  detenoiaattDn  of  tbe  centrifugal 
force  at  different  places  on  the  surface  of  the  earth,  from  knowing  the  lime  of  one  tc 

.  OD  its  azia.     But  in  studying  thia  application,  the  student  will  not  bH  to  observe 

:  the  ciiculai  path  of  a  body,  on  the  aurface  of  the  rotating  earth,  is  not  described 

under  the  same  circunutancca  as  the  circular  path  ia  cooiidered  to  be  described  in  tbe 

caent  article.    Sere  there  is  no  solid  matter  interposed  between  the  circulating  body 

id  the  central  force ;  there  is  nothing  to  prevent  its  falling  to  the  centre  at  any  point 

its  orbit ',  it  is  kept  always  at  the  same  distance  from  the  centra,  umply  because 
the  force  paUing  it  toworda  that  centre  is  exactly  balanced  by  that  driving  it  from  it ; 

centrifugal  force  ia  just  aufficient  to  deprive  the  body  of  all  wei^it  or  pressure  to 
wards  the  centre.  With  the  earth  it  is  different :  if  a  perforation  be  bored  in  the  earth, 
beneath  a  body  on  ita  aurfoce,  the  body  wiE  fall  down,  it ;  because  the  centrifugal  force, 
driving  it  tram  the  centre,  is  leas  than  the  atlractiDg,  or  centripetal,  force  pulling  it  the 
other  way, 

C«ttteifaeBl  F«ice  »t  tlie  Eutli'a  SnxCtcc— The  earth,  by  its  diutnal  rota- 
tion, carries  round,  with  a  uuiform  velocity,  every  point  on  its  suriace  inSSlSl  aeconds. 
At  the  equator  the  radius  R  ia  about  20922000  f^t ;  therefore  the  centrifugal  force  F  nt 
the  equator  is 

4^       4.X20922QW       .jj^,^,  ^^ 

Aa  <■'*''«  force  oppoaca  Ihe  force  of  gravity,  it  foliowa  that  if  the  carthhad  no  rotation 
on  its  oiia — that  ie,  if  no  centrifugal  force  existed — gravity  at  the  equator,  instead  ofbeing 
what  it  ically  is,  namely,  ^  =  32088  feet,  wouLl  be  0  =  ; -f- -11121S,  and  thus  the 
weight  of  a  body  there  would  be  a  gn^gs-  part  more  than  it  actniUy  is. 

The  ratio  of  G  to  F  being 

32109  :  '1112  or  289  :  1  neariyi 


Now  every  parallel  to  the  equator  being  carried  round  in  the  same  time  T,  as  t 
equator  itself,  by  reprcsentjng  the  contrifiigal  force  in  the  parallel  whoM  latitude  is 
and  radius  r,  by/,  wc  ahall  have 


Since,  as  is  evident,  r  ^  E  cos  I. 

The  force  of  gravity  is  not  diminished  by  the  vrhde  of  the  oentrifijgal  force,  eicspl  at 
the  equator;  because  in  any  paiaUel  PAP  this  force  acts,  not  in  the  diieotionFp 
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wholly  oppoBod  M  Iho  fonn!  of  graTitr,  but  in  lie  Jitection  V^.    If,  thetotom,  we  de- 

OOmpoBe  the  force  V'p'  in  tha 

perpendicular  dircctioae  P'^ 

P* ;,  the  foimer  componont, 

being  diieetly  opposed  to  the 

force  of  gravity,  and  the  lat- 


ent bci. 
acting  tan  gonti  sJly ,  and  there- 
fore urging  the  particle  P  to- 
wards the  equakir,  we  iball 

Forte  opposing  frayity, 
V  p=V^  cot  pV}/  -^faiil. 

Hence  (2)  tha  ospresirion 
for  the  diminntion  of  graritj, 
in  conseqaence  of  tontiifngal 
force,  St  latitude  /,  is 


n  of  eqiiatoria]  gravity  G  in  lat  I  = 
ount  of  diminutian ' 


289 


oa=f. 


e  square  of  the  cosine  of  the 


Conaequcnlly  the  *■ 
latitude. 

The  other  component  P  j  of  tho  ecntrifug*]  force  at  P,  boing  tangential,  tends  to 
drive  tho  particles  of  the  revolving  body  from  the  region  of  the  poles  to  that  of  the 
equator,  and  to  cause  the  body  to  assume  the  flgura  of  an  oblato  apheroid,  which  is  the 
ligure  -that  the  earth  has  assumod  :  the  aiprcssion  for  Ihe  tangential  force  ia 


2i:=l. 


Tangoutial  force,  Pj  =^/flin  ;  = -2-ggmnieoai=  g-j^  ei 
ereforc  varies  aa  the  eine  of  tvice  the  latitude.  The  fur 
to  matter  abont  tha  equatorial  regions  is  obviously  greatest 


.2;, 


Q  the  foregoing  principles  we  may  readily  determine  Ihe  time  in  which  the  eaHh 
must  perform  its  diurnal  rotation,  in  order  that  tho  centrifugal  force  nt  the  equator  may 
be  exactly  cqnal  to  the  force  of  gravity  there ;  that  is,  in  order  that  a  hodj  at  the 
equator  may  have  no  weight. 

Let  T  represent  the  time  of  rotation  corresponding  to  which  tho  ccnhifiigal  force 
would  be  equal  to  that  of  gravity  G ;  then  the  time  ftt  present  being  T,  since  tho  cei 
fugal  forces  in  the  same  circle  ate  inversely  as  the  squares  of  the  times  of  describing 
tlwt  drelo  (page  H6),  wu  have  equation  [1) 


Henee,  if  the  diurnal  rolatioti  of  the  earth 
time  really  occupied— that  is,  if  it  were  to  to 
bodies  at  tho  equator  would  lose  all  their  weigl 
small  distance  above  the  surface,  ramain  ai 
were  more  rapid  than  this,  no  body  could 
repelled  from  it  by  the  centrifugal  force. 


re  performed  in  the  17th  part  of  iho 
romid  seventeen  times  as  rapidly — 
and  would,  therefoie,  if  placed  at  a    ' 
without  any  support.   If  the  rotation 
XI  the  surface  :  everything  would  be 


„Gooj^lf 


148  EFFECTS  OF  TAHSBKTIAX  POBCE. 

It  bM  beoi  drmonitratod,  hmrdrar,  lluit  *  iplieroid,  if  flnid,  and  of  the  imdb  denntjr 
M  Qie  eailli,  oonld  not  remain  in  equilibriimi  if  it  were  to  route  in  •  ibcctttr  tiise  I' 
Sh.  2fim.  36a.    (See  "Airy's  Tracts,"  aecond  edition,  p.  ISO.) 

From  what  haa  now  been  ahown,  it  will  be  olMerred  that  the  auperior  acoamalaliiin 
of  matter  about  the  equatorial  regiana  of  the  earth  ariaea  from  two  oircumstanoea 
^10  rather  it  is  a  tirofbld  effect  of  the  same  caiue.  The  centrifugal  force  generated  b; 
tlie  diunial  rotation,  acting  in  planea  perpendicular  to  the  alia,  and  on  all  the  particles  in 
each  plane,  and  on  the  Tcmoter  particles  of  the  plane  more  inleoiely  than  on  the  nearer, 
iiece«»rilr  occaaona  the  auifece  of  the  earth  about  the  eqnatot  to  recede  more  from  the 
aiia  of  rotation  than  the  surface  nearer  to  the  polee.  If  the  earth  were  not  a  rotatin); 
body,  and  an  eztemal  influence  oppoaed  to  that  of  graTitation  were  to  difiuse  itaelf  like 
a  belt  round  the  equatiKial  legiODs,  the  matter  under  this  belt  would  yield  to  the  in- 
fluence, and  bulge  out ;  and  auppoiiDg  the  entire  surGice  to  be  fluid,  the  waters  of  the 
polar  re^ona  would  become  propartionatelf  depressed.  But  in  the  actual  case  the 
bulging  out  occasioned  by  the  direct  centrifugal  force  at  the  equator,  exceeding  the 
direct  centrifugal  force  at  erery  other  parallel  of  latitude,  ia  further  increased  by  nil 
thcM  parallela  ctmtributing  indirectly  to  the  enlargement  of  the  equator,  aa  well  as 
directly  to  the  enlargement  of  itself;  for,  as  shown  above,  the  equator  is  the  only  one 
of  the  rotating  circles  which  expends  none  of  the  force  upon  it  in  a  tangential 
direction.  £Tery  other  circle— every  parallel  of  latitude  on  either  aide,  cmtiilnitea 
tangentially  its  own  supply  of  matter  towards  the  equatorial  r^iona,  this  supply, 
however,  becoming  lees  and  less  as  the  parallels  recede  from  that  of  45°. 

On  account  of  the  solid  materiala  of  which  a  portion  of  the  earth  is  compoasd,  and 
le  particles  of  which  resist  separation  by  their  cohesion,  the  effects  of  centrifugal  force 
re  in  some  degree  count^nuited ;  but  it  is  the  general  opinion  of  philosophers,  that  the 
present  solid  parts  of  the  earth  were  once  in  a  fluid  or  semi-fluid  state — in  lact^  in  a 
state  of  fusion ;  and  that  the  outer  crust  has  become  solidified  by  cooling. 

But  those  pmtiona  of  the  earth's  surface  which  still  remain  fluid,  obserrably  yidd 
o  the  taugenU&l  influBu:e  of  the  centrifugal  force.  There  is  a  tendency,  aa  obaerration 
shows,  in  the  wateia  north  and  south  of  the  equator  to  flow  towards  that  circle ;  and  aa 
they  flow  from  parts  where  the  velocity  of  the  diurnal  rotation  ia  leas  than  the  velocity 
at  the  equator,  the  streams  from  high  latitudes  are  gradually  left  more  and  more  behind 
in  their  lateral  approach  to  the  equator,  where  the  diurnal  velocity  is  gnatest  As  this 
velocity  is  towards  the  eaat,  wo  may  therefore  expect  to  meet  with  great  westerly     | 

rents  in  the  open  seas  north  and  south  of  the  equator,  which  it  con&imable  tr 
experience. 


SECTION  II.— MOVING  F0RCE3. 
In  the  foregoing  section  of  the  present  elementary  treatise  we  have  confined  our 
attention  eiclusively  to  motion,  unconnected  with  any  considerations  in  referenoe  to  the 
quantity  of  matter  moved.  And  althongh  we  have  repeatedly  used  ibe  tetxa  ba^,  yet 
we  hare  paid  no  regard  to  bulk  or  weight.  The  forces  witii  which  wo  have  bean  deal- 
ing have,  indeed,  throu^out  been  auppoaed  to  be  aiudogous  to  the  force  of  gravity, 
which  givea  the  same  velocity,  in  the  aame  lurcumstanoee,  to  a  ungle  particle  of  matter 
aa  to  the  lai^eet  volume.  We  propose  now  to  enter  upon  a  few  inquiries  in  which  it 
will  be  necessary  to  take  into  account  quantity  of  matter;  and  as  pteliminary  to  these. 
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i  be  gtvea  of  th«  Mma  in  wldt^  oerUIn  temu,  hsieafter  to  Im 
emplojed,  are  to  bs  uodeniood. 

Breiy  penon  bu  *  toknUy  olear  Dotioii  of  vvight  \  if  two  nbabuice*,  homver  dif- 
fering in  bulk  or  voluma,  have  Ihe  ume  weight  at  ilie  lams  pUce,  we  infer  Oat  tbej 
contain  the  same  quantities  of  matter ;  thii  ia  biieflj  espteiMd  by  MjiiiB  that  they  ai 
equal  in  nuM.  Yet  mau  and  weigbt  are  not  to  be  regarded  as  ezprewing  the  sam 
tiling ;  if  any  man,  ot  quantity  of  matter,  weie  weighed  at  the  pole,  and  then  the  um 
mau  weighed  at  the  equator,  tbcM  weighta  would  be  difibrent ;  though  of  courn  tb 
IniiqwrtaUoa  of  tbe  nutter,  &om  the  pole  to  the  equ«tor,  eouldnotproduoe  anj  ehanga 
in  its  coiwtitution.     (See  Ftepertiti  efMaOtr,  p.  IS.) 

A  Bolid  body  may  be  centered  ai  mada  up  of  paMIclei  o[  atoma,  the  a^regate  ot 
which  ooaatdtute  ita  roliuue ;  theaa  partiale*  may  be  packed  (*a  to  aay)  more  oloiely  ii 
one  body  than  in  anotlier  of  the  lame  volume ;  lo  that  the  fbnner  may  contain  a  greater 
quantity  of  matter  than  the  UttU';  thatia,  agreatemnmbetofpaiticlei.  BefsiTingto 
this  more  oompaotconatitntian  of  the  body,  weaay  tbatit  i*  mora  limw  than  the  other 
body.  Stntitji,  therefore,  baa  lefereoce  ta  the  quantity  of  matter  in  a  given  bulk ;  and 
if  of  two  bodiea  of  eqnal  bulk,  one  be  finmd  to  weigh,  at  the  aame  plaoe,  « timn  at 
much  aa  the  other,  the  former  ia  laid  to  have  m  timea  the  denaity  of  the  other ;  tt  con- 
taiai  M  time*  the  quantity  of  matlsr,  andii  therefore  m  timea  the  mais  of  the  other. 

The  proper  way,  theiafiire,  to  Mprsaent  die  max  of  any  volume  T,  with  a  view  to  a 
oorrect  contpariaon  with  other  volume*,  is  this :  Hasi  ^  Dennty  X  Toluuie ;  or,  in 
Bymbola,  M  ^DV,  And  it  ii  to  be  obiened  that  draudty  is  employed  only  compara- 
tively, not  abaolutely ;  aa  when  we  My  that  lead  hae  about  leven  tdmea  the  denatty  of 
water,  we  mean  tiiat  about  seven  times  as  mooh  matter  ia  packed  into  a  given  v<dume 
of  lead,  aa  into  an  equal  volume  of  water;  lo  that  the  man  of  a  cubic  inch  of  teadia 
seven  tamss  the  maaa  of  a  cubio  inob  of  water. 

As  already  observed,  the  mass  of  a  body  is  proportional  to  its  weight  at  tbe  same 
[Jaoe:  the  dynamical  efiect  of  this  weight  (W),  or  rather  its  dynamical  meaaun 
M^,  when  M  is  the  mass  and;  the  force  of  gravity  acting  on  it.  And,  in  like  mam 
if  a  force /analogoua  to,  but  different  in  intenuty  fk«m  gravity,  were  to  act  ontbemafis 
M,  the  dynamical  meamre  of  the  effect  would  be  H/,  which  is  called  the  mitm^jtree; 
so  that  in  the  equation  F  =  U/,  U  is  the  mass,  or  quantity  of  matter  moved,/  is  tbe 
accelerating  fbree  acting  on  it,  and  F  is  the  moving  force,  the  dynamical  measure  of  the 
cKct.    In  statics  this  would  be  pressure  or  tension. 

The  product  of  the  mass  by  the  velocity  with  which  it  move*,  is  called  the  fncinM- 
tmn  of  the  body ;  aa  die  vdocity  increases,  therefore,  so  does  the  momentum.  In  uniform 
vdocity,  tlie  momentum  ia  constant :  in  unifbnnly  accelersted  velocity,  additional  mo- 
meotiun  ia  generated  every  second ;  the  increments  of  momentum  being  conatant,  like 
the  inontmenta  of  velocity,  in  the  pieoeding  expression  for  F,  namely,  F  ■=.  M/  /  ia  no 
other  than  the  constant  increment  of  velocity  generated  in  one  iwcond  ;  consequently  the 
momentum  generated  in  one  second  eipressee,  in  fact,  the  moving  force  F ;  just  as  the 
velocity  generated  in  one  second  representa  the  accelerating  force/. 

This  latter  fiiroe,  as  sufficiently  seen  in  the  preceding  section,  is  all  we  have  to 
attend  to  in  investigating  tbe  motion  of  any  aingle  body  subjected  to  ita  influence.  Aa 
it  acts  upon  all  (he  particlea  of  the  body  alike,  the  consideration  of  the  number  of  these 
particles,  or  tho  maaa  of  the  body,  would  be  superfluous.  But  when,  instead  of  a 
single  isolated  body,  we  have  to  examine  into  the  motions  of  a  system  of  bodies,  con- 
nected together  by  any  ties,  as  cords,  rods,  &c.,  or  mutually  acting  i^n  one  another  in 


„Gooj^lf 


ISO  EXPLAKATIOK  OF  TKUIB. 

anyway,  then,  aaitiasuj  toperceiTD,  tlieqiuntityof  nuttertncMhbodrbecomeBtui 
important  item  of  consideratioo. 

From  what  bu  nor  been  Biud,  the  Btudont  iriU  lie  prepared  to  giv«  biii  usent  to 
tin  following  ezpreiaione,  where  V  rapreaenta  Tolamc,  and  D  dentity  : — 
T]i0Ba»»M  =  DV; 
The  moving  force  F  ^  M/.-./=z  ^  fie  accelcrafing  force  , 
The  mamentum  =:  !tlc. 
tut  in  order  that  he  may  atlach  an  intelligible  meaning  to  thaae    sTmboIs  and 
reUtioDS,  and  may  not  mistake  their  proper  aignification,  ire  ghall  here  eiemplify  their 
inteipretatioii  in  a  particular  case. 

SuppoBo  the  Tolume  of  a  body,  that  is,  ils  magnitude,  to  be  10  cubic  foel,  and  that  in 
«ach  cubic  foot  t^ere  is  three  times  the  quantity  of  matter  that  tbei«  ia  in  a  cubic  foot 
nme  elandaid  subBtancB — say  puro  wat^r.  Then  repreaenting  the  denmty  of  water 
by  unity  or  1,  the  quantity  of  matter  in  the  body  before  us,  that  is,  the  mass  M,  will  bo 
M  =  DV  =  3  X  10  =  thBmaiuof  30cabicfeetofpmwwat«r; 
is  to  say,  there  is  aa  mucL  matter  in  tho  proposed  10  cubic  feet  as  there  is  in  30 
cubic  feet  of  pure  water. 

If  this  mass  move  witi  a  uniform  Telocity  of  12  foet  per  aecond,  the  momentum  oi 
it,  or  the  force  of  the  blow  with  whidi  it  would  strike  an  obstacle,  would  be 

U«  =  the  momentum  of  30  cubic  feet  of  pure  water,  or  of  30  cubic  feet  of  a  eub- 
elance  of  the  same  density  as  water,  moling  at  the  aanic  rate,- — i^.,  12  feet 
per  second. 
If  the  Telocity  of  themcTingmsas,  instead  of  being  uniform,  is  constantly  accelerated, 
the  constant  acceleration  being/^  3  feet  per  second,  then  there  ia  an  aoceleration  or 
accumulation  of  momentum  ;  and  aa,  when  uniform,  the  momentum  in  Mv,  so  the  con- 
stant ftocumulaticn  of  it,  called  the  moving  force,  is 

M/=  the  moring  force  {or  conatant  accumulation  of  momsDtnm)  of  30  cubic  feet  of 

a  substance  of  the  same  density  as  water  accelerated  6  feet  per  second. 

When  the  velocity  of  the  moving  body  is  uniform,  there  is  no  moving  Ibrcu,  that  is, 

t^oie  ia  no  accumulation  of  momentum,  becauss  there  is  no  accumulation  of  velocity. 

If  motion  be  not  the  result  of  tho  force  /  acting  on  the  body,  the  efiect  must  be  presaure 

or  weight. 

The  preceding  eiplanntion  of  the  aenae  in  which  the  eymbola  are  to  bo  unilcrstood, 
may  be  varied  a  little  aa  follows  t— Let  the  quantity  of  matter  in  a  cubic  foot  of  pure 
■atcr  be  taken  for  the-unit  of  masa,  and  lie  density  of  pure  water  for  the  unit  ofdenaitj'. 
Iiet  the  momentum  of  a  cubic  foot  of  pure  water,  or  of  a  eubBtaneo  of  equal  density, 
moving  with  a  uniform  velocity  of  one  foot  par  second,  bo  taken  for  the  unit  of  momen- 
tum.   Let  the  accumulation  of  momentum,  or  the  constant  quantity  of  momentum 
generated  in  one  second  in  a  cubic  foot  of  pure  water,  or  in  the  lame  Tolume  of  a  sab- 
stance  of  equal  density,  moving  with  aa  accelerating  velocity  of  one  foot  per  second,  be 
taken  foi  the  unit  of  moving  forte.    Then  Y  representing  the  nuntjar  of  cubic  feet  in  the 
volume  of  any  body  £,  H  the  numier  of  units  of  mass,  v  the  itfHnifr  of  feet  per  second 
in  the  velocity,  and/tbe  namier  of  feet  per  second  of  acceleration,  we  shall  have 
M  =  D  V,  the  number  of  unite  of  mass  ia  the  body  B 
Mv,  the  number  of  unite  of  moroentiun 
H^,  the  number  of  units  of  moving  force. 
We  ehalt  now  proceed  t«  some  applications  of  the  theory  of  moving  forces. 
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AppUoatlona  ctf  Kovtae  r«rcca. — 1.  Tvo  heavy  bodies  wliose  mosses  are 
U,  M',  are  connected  togethei  bj  a,  atring  which  pisses  over  t  fixed 
pvJJej' :  reijnired  the  circumstBnces  of  the  fflotion.  1   »   I 

Let  M  be  the  greater  of  the  two  masses ;  then  M  —  M'  is  the  mass  rw*^ 

which,  D«t»d  upon  by  gravity,  causes  H  to  descend  and  U'  to  eseesd. 
The  moving  force  F,  therefore,  to  which  the  modon  is  due,  is  F^  (M  — 
M')  g ;  and  thonifore  the  acceleratiiig  force  /,  which,  as  above,  is  equal 
to  F  divided  by  the  entire  maBs  moved,  is 


And  nncB  the  velocity  generated  in  t  seoonda  is  ft,  ud  the  space 
Bed  over  J/P  (page  134),  we  aball  have,  for  the  Telocity  of  M  down- 
rdi,  or  of  M'  upwards  in  i  seconds, 

M  — M'    _       ,  .  .   M  — M'  j      xsk 

These  expressions  determine  the  velocity  with  which  M  descends  at 
end  of  ( seconds,  and  the  space  through  which  it  will  have  Mien  in  that 


^ 


TmuIou  of  t^  Bfarlttg. — If  the  string  were  fastened  to  the  pulley,  so  as  to 

prevent  motion,  M,  acted  upon  by  the  accelerating  force  of  gravity  j,  would  exert  upon 

It  a  pressure  or  tension  Mj ;  but  this  is  diminished  in  consequence  of  a  part  of  Iho 

accelerating  force,  namely/,  acting  upon  M,  and  wholly  expended  in  producing  motion: 

hence  the  pressure  or  tension  suffered  by  t^e  string  is  only  the  difference  between  the 

two  preanires,  namely : 

T      -u,         f\  —  vr        M  — M'   ,      2MM' 
T  =  M  (?-/)  =  M  (?- j^f-pj.,  ff)  =  g-j^,  S. 

This,  therefore,  is  the  expresaon  for  Hxe  tension  of  the  string.  With  regard  to  the  other 
maaa,  IT,  not  only  is  the  accelerating  force  of  gravity  g,  acting  downwards  upon  M', 
wholly  exerted  in  stretching  the  string,  but  the  upward  accelerating  force  /  in  addition ; 
hence  the  pressure  or  tension  due  to  M'  ia 

Qie  same  aa  before )  as  of  course  it  ought  to  be. 

Pzeaanze  on  the  Axis  «f  tha  Fnlloy.^What  is  tension  as  respects  the 
string,  becomes,  of  course,  pressure  when  acting  on  flie  pulley.  Aa  the  tension  of  the 
string  ia  on  each  side  the  same,  namely,  T,  as  determined  above,  therefore  the  pTsssm-e 
on  the  pulley  is  twice  this,  namely : 

Prca«uio  on  axis  of  pulley  ^^  \i  -i.W  ^' 
It  ia  scarecly  necessary  to  remind  the  student  that  any  mass  multiplied  by  ; ,  in 
other  worda,  the  moving  foree  dne  to  gravity,  ia  mere  weight  when  oierted  statically. 

Thus,  ogling  the  wvighti  of  tLe  masses  Maud  H',  W  and  W  respectivel;,  weahalJ 
Cod  that  the  foregoing  expression  for  T  is  the  same  as  T  ^  w-nTigT- 

For  the  expresnon  at  first  given  may  evidently  be  written  thus,  namely: — 
-_2-Kg^Wf 
Mj  +  M'j 
Soppoaa,  fen  inttanse,  the  weights  banging  to  the  stxing  were  7  lbs.  and  S  Iha. 
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re^ectiT*']' ;  then  the  tenuon  of  the  rtring  »ouM  W  —^  i  ^     lb«,  =  SJ  lU. ;  that 
7+6 

ia,  a  waight  of  Si  lln.  would,  if  Bu«ponaed  to  a  flied  atring,  produce  the  lame  tension  u 
is  aotiully  produced  in  the  moiing  >tring.  In  like  manaei,  the  uia  of  the  pulley  gu>- 
tiiiu  e  preMure  equal  to  Il{  lb*.  As  t£e  muBes  are  proportiimil  to  the  veiglili,  ve 
mtj,  in  a  liimliT  vay,  get  a  nuniaical  eipreaaion  for  the  acoelerative  fbrco  /— tliat  ia^ 
bjr  tubftituling  tiie  weights  for  the  mauea  in  the  above  Ttbie  of  /.  Thu^  tnHng  the 
weight*  «i  heie  itinmed,  we  have 

Acceleration, /=:y^^  3!'3  =  £'3e  feetpw  Moond, 
the  aocelcTating  foice  diat  give*  mOlian  to  the  aystein  being  ^  of  tlie  MoelraatiTe  foroe 
of  graTily. 

Aa  already  noticed,  the  moving  force  Mjr,  whicll  oiHnbinea  qnaatHj  of  matter  witk 
the  fbroe  actiog  upon  it,  ia  pretnirt  or  atighl  when  motion  ia  not  the  result  of  the 
action  of  the  force  en  the  man.  The  ajrmbid  f,  therefore,  which  stand*  for  aoceleratian 
in  Dynamiea,  ihoiild  ataod  for  prcMuie  or  weight  in  Staliea,  as  in  the  e^reseion  fat  I 
given  ftbove,  namelT, 

T  —  ^  Mg-ifg  _-  2  WW 
Mj  +  My  ~  ir+W' 
The  learner,  therefore,  will  not  fall  into  the  mistake  of  regoiding  soch  an  eipresaion 
as  W  =  Hg  ei^nivalent  to  the  Btatemenl,  that  "  weight  is  equal  to  maaa  multiplied  bj 
32'iCeet"  This  would,  of  couive,  be  absurd.  The  symbol  f  here  stands  for  "the 
weight  impressed  by  gravity  on  the  unit  of  nuus,"  whatever  that  unit  may  be  selected 
to  be.  The  unit  of  mass  being  assumed  or  fixed  upon  by  common  consent,  then,  in  the 
above  expression,  M  is  the  mtmisr  of  theae  units  in  tihe  body  refsired  to,  and  g  the 
weight  of  one  of  tllem. 

The  onit  of  mass  is  usoaDy  taken  equivalent  to  a  cubic  foot  of  dietdlled  water,  at 
the  temperature  60°  of  Fahrenheit's  thermometer.  The  weight  of  tJiia  unit  is  1000 
ouneeaaToirdi^oia;  and  the  wei^t  W  of  any  body  whatever,  containing  in  it  H  times 
the  quantity  of  matter  contained  in  one  cubic  &ot  of  distilled  water,  will  always  be 
W^M  X  lOtiO  ounoes;  and  the  tame  would  obviously  be  the  case  if  the  unit  of  mass 
were  anything  else,  g  representing  always  the  weight  of  that  unit. 

Wlumever,  in  any  mechanical  inquiry,  the  investigation  involve*  Qie  mixed  con- 
eideration  of  motion  and  ststdoal  pressure,  although  the  molian  and  the  pressure  may  be 
equally  due  to  the  same  thing,  and  the  same  symbol  (g  fbr  instance)  be  employed 
indifferently  for  t^  one  or  olhei  of  these  difierent  eSects,  yet,  as  the  4^et  ia  all  tbot 
we  intend  tlie  symbol  to  repiceent,  it  is  plain  that  its  signification  in  the  one  caao  must 
be  different  from  its  Bignifloation  in  the  other.  And  it  is  of  importance  that  the  student 
always  bear  this  in  remembrance :  be  will  find  tome  further  reference  to  the  Butter  in 
the  treatise  on  HinaaeTATics. 

2.  Two  weights  W,  W,  connected  by  a  string  passing  over  a  small  pulley  C,  an 
placed  i^on  tlw  two  indi< 
ned  planes  C  A,  C  B :  it  is 
required  to  determine  the  oil- 
Let,  as  before,  M,  M'  ra- 
B    present  the  two  masses.    The 
moving  force  of  W,  in  thediieelion  WA,  is  U;  sin  I'l  end  t^movingforoaofW',  in 
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tile  diraotion  W  B,  ia  H'/  tan  f :  tbeae  oppoae  one  inotlicr,  so  that  the  moviiiK  foioe 
F,  to  whioh  th«  motion  ii  im,  it  tiia  di&teooe  of  them,  namelj : — 
P  =  (H  «in  •  .r  H'  na  f)f. 
And  ooueqnently  tlie  keoeleiatinf  tatoef,  whioh  ii  eqnal  to  F  dLrided  by  the  iiiin 
of  the  nuuaw  mond,  i* 

'- — sr+Tf — *■ 

TIu«  Hwrefore  la  the  ezpreedon  for  the  acoelBnting  fiiroo  which  urges  17  down  the 
pbne  C  A,  tnd  which,  conaeqnectlj,  draws  V  up  the  plans  C  B. 

And  mnoe  the  velocity  genented  In  t  leoondg  ii  ft,  and  the  tpioe  passed  over  \ff, 
the  Tolodty  aoqmrod  by  W  downwards,  or  by  W  apwards,  in  ( seoondi,  is 


le  ipaoe  described  is        t  =: 


ff+"ff 
f  (ill  i  ■/>![- nn< 

-TTsr+irr 


If  the  two  planes  ware  vertical,  the  probLmi  wrald  become  identical  with  the  last ; 
w«  ahonld  then  have  un  i  and  sin  {  each  eqnal  to  1 ;  and  we  see  that  the  ezpFsssiDns 
for  V,  I  would  be  thoee  already  deduoed. 

is  only  one  of  the  ^oaes  were  vertical,  tiie  problem  would  be  eonverted  into  this, 
namely,  to  detennine  the  circumstances  of  the  motion  when  one  body  W,  hangii^  vei> 
tioally,  draws  another  body  W  np  an  iaclined  plane.  In  this  case,  sini^  1 ;  and  we 
hove  only  to  put  this  in  the  preceding  ezpresuons,  in  order  to  obtun  tho  nec«8saiy 
paitiGulaTs  of  the  motion. 

AgnJTij  if  one  of  the  plane*  were  vertical  and  the  other  hoiiioatal,  the  problem  would 
be  to  detenaine  the  motion  when  W,  hanging  vertically,  draws  V  along  a  horizontal 
plane.    In  tills  caae,  ain  <  ^  1,  and  dn  i'  ^  0 ;  so  that  the  aoeeleraling  feroe  would  be 

Tcaalaa  of  tka  SUl»s— For  the  teniioa  of  lb  string,  under  the  original  eon 

ditiiMia,  we  have,  if  W  be  tiie  descending  weighty 

^='' !'"'-'"%{  +  »■'"'') 

which  becomes  the  same  as  tho  eiprea^on  (or  T  in  the  last  problem,  wben  ein  i  and 
sin  i"  are  each  of  them  1.  By  substituting  W  for  H;,  and  W'  for  TA'g,  in  each  uf  the 
foregoing  formulsi  numerical  expressions  will  be  obtained,  as  in  the  former  problem. 

3.  Two  weights  W,  W  are  attached,  the  latter  to  a  wheel,  and  t^ie  former  to  its 
axle :  to  detennine  their  motions. 

Lot  H  be  the  mass  of  W  acting  at  the  oile,  and  If  the  mass  of  W,  acting  at  tiie 
rim  of  the  wheel:  let  also  B  be  the  radius  of  the  wheel,  andr  that  of  the  axle. 

Then  the  moving  forces  M'p,  tSg  acting  at  the  distances  E,  r  from  the  centre  of 
motion,  if  free,  would  have  the  respectiTe  efiects  Tt'g  •  B,  and  Mjr '  r,  which  comiectad 
as  they  ai«,  oppose  each  other.  And  if/*,  /  be  the  actual  accelcrotioas  of  W,  W,  the 
moving  fbrees,  at  the  distances  B,  r  from  the  centre  of  motion,  are  actually  My  *  B, 
diilH/-r;  to  that 
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MV-E  — M?r=M/'E+M/r    ....    (1) 
The  u!celeratioQB/,/must  be  to  each  oUiar  as  the  radii  E,  r,  the  Tdodtjes  Ihran- 
mItb*  being  aim;!  in  Uui  cmttimt  nttion,  mnce  the  irheel  and  axle  both  tun  ilk  the 
iBtime;  iherefcre/^:  -  /.therefore 

(M'  ■  R  —  Mr)  ?  =  (M'  — +  Mr)  / 


the  aceelenting  force  of  t^  aace&ding  weight  TV. 
And  Bince/"  :=  —/we  have 

„  M-E'  — MEr 
■'^-'SfE'  +  Mr'" 
»  of  the  deeoanding  weight  W' 


f  seconds,  of  the  (brmer,  i 


~MEr  +  Mr>' 

aadtheepace.  *=  y /'^  =  iM- R'  +  M.'^^ 

Ajid  for  the  latter  we  huTe 

M'E"  — MEr   , 
'^  -    M-  It  +  Mh   '* 

,  M'  R>  —  M  Er    - 
•=i  M'R  +  Mr-^   g" 

The  student  will  perceive  tliat  the  fiiat  member  of  the  equation  (1),  ezpraeaing  the 
di^ience  between  the  moving  forfcg  that  tooidd  act  if  the  weights  were  &ee,  is  the 
wholo  amount  of  moving  force  in  actu^  operation ;  which  whole  amount  ia  obviously 
expressed  b^  the  second  membei  of  the  equation. 

Impact  ox  Impalae. — In  this  article  we  propose  to  coiuider  the  circanuUnces 
ofthe  motions  ofbodiea  moving  in  certain  itTught  lines  Gram  the  effiwts  of  iiqpulse,  and 
impinging  agtunst  one  another. 

Let  any  specified  ijuantity  of  matter  be  considered  as  the  unit  of  mass ;  if  it  be  pro- 
jected by  any  given  impulse,  it  will  move  with  a  const&nt  vdocitj'  proportional  to  the 
intensity  of  that  impulaa ;  this  velocity  may  therefore  be  taken  to  represent  the  magni' 
tado  of  the  impulsion.  If  we  take  two  sui^  units  of  mas9,  and  two  such  impnlses  act 
on  them  Bimultaneoualy,  and  in  the  same  direction,  the  relative  poaitiaris  of  l^a  moving 
masses  will  be  always  preserved ;  so  that  if  the  two  units  be  blended  into  one  mass,  and 
the  two  impulses  be  thus  made  to  unila  and  form  a  double  impulse,  the  same  velocity 
will  be  impressed  on  the  compounded  mass.  And  it  is  plaia  that  if  M  such  units  be 
blended  into  one  maas,  which  receives  an  impulse  M  tjmea  the  intensity  wo  have  sap- 
pceed  to  be  applied  to  the  aingle  unit,  the  same  velocity  would  Btill  be  impreaaed. 

OoDsequontly,  when  any  body  whose  masa  ia  M  moves  from  the  effect  of  an  im- 
pulse, the  correct  expression  for  the  intensity  of  that  impulse  muat  be  Ms;  the  mass 
multiphed  by  the  velocity,  and  which,  aa  before  stated  (p.  149),  is  Hie  momentum  of  the 
mass :  hence  the  momentum  measures  the  intensity  of  the  impulae. 

GoUlston  of  Bodies;  Dixect  lBtpkct.^Wben  two  bodica  moving  by  impul- 
non  in  the  same  straight  tine  come  into  collision,  the  shock  ia  called  direct  impaott 


COLUSION  BT  SIBGCI  HIPACT.  ]U 

SnppoM  the  bodiei  irhicli  thna  impiiige  to  be  entinly  indutic,  or  of  louli  nuttenaU 
that  they  are  blmided  bj  the  impact  iabi  one  nuus,  our  object  will  be,  from  knowing 
the  inteniity  of  each  wpKnte  impnlw — that  is,  the  momeiLtain  i^  each  bodf — to  deter- 
mine the  mtunentum  of  the  blended  mius ;  md  llienoe  the  circumstBiiceB  of  its  mot' 
The  faUowiag  emmple  will  illiutrate  liow  thti  necessary  porticuUis  are  to  be  asi 

Sxamplt. — Two  ioelsstic  bodies,  whose  masses  are  M,  U',  more  in  the  same  atraighl 
line,  with.  velociUee  v,  v' :  required  the  velociCy  of  their  united  masses  after  impact. 

The  momaitum  of  H  is  Mp,  and  that  of  M',  Mv  tlie  combination  of  these — 
nimdy.  He  -|-  MV,  is  the  momentum  of  the  united  mass  U  -f  H'. 

But  if  V  be  the  velodtf  of  this  mass,  its  momentum  must  be  (M  -|-  M')vi :  beoce, 
to  detennine  the  T^ocitj  Vi  after  the  collision,  we  have  the  eq^ualion 
(M  +  M>,  =  Mc  +  MV. 

■■"'-     M  +  M-       ■    ■    ■    -    W. 
the  Telocity  required. 

This  result  is  on  the  inppoeitioD  that  the  bodies  are  moring  in  the  same  directioii, 
or  that  one  of  them,  M',  OYertakee  the  other ;  but  if  they  are  moTing  in  opposite  direc- 
tions so  Uiat  the  two  meet,  then  the  expression  for  v,  will  be 
_  Wv  ^  MV 
'"M  +  M'       -     ■     ■     ■    W- 

If  Mv  exceed  MV,  then,  after  the  coLision,  the  mass  will  move  in  the  dircctian 
in  wbicb  M  was  proceeding  -,  but  if  M V  exceed  Mt,  It  will  move  in  the  direction  in 
wbicb  H'  waa  proceeding,  as  is  obvious. 

If  Mv  ^  MV,  then  the  collision,  at  meeting,  will  destroy  the  motion  of  each, 
and  bring  both  bodies  to  a  stand  still,  since  t^  will  then  be  0. 

If  one  of  the  masses  M'  be  at  rest,  tbcn  since  v,  ^  0,  the  velocity  after  impact 

^^^  r'-    ""  m 


In  all  cases,  t^  momentum  after  impact  mnit  be  the  snm  of  the  momoita  before 
impact,  regarding  those  which  act  in  opposite  directions  as  having  opposite  signs ;  «o 

t  the  momentum  lost  hj  one  bodf ,  bj  the  coUtsion,  is  eiactly  equal  to  the  momentom 
gained  by  tbe  otber.  In  the  case  (3)  above,  the  momontum  of  the  whole  mass,  after 
impact,  being  (M  -^  M')c,  ^  Mv,  and  tbe  momentum  gained  by  M',  whioh  was  at 
test,  being  M'v„  this  mnst  be  the  momentnm  lost  by  M.  This  loss  of  momentum  in 
M  shows  that  the  mass  M'  opposes  a  resistance  to  the  c<Hnmunication  of  motion,  and 
M'v,  expresses  the  value  of  that  reaiBtance,  which,  as  tbe  mass  was  at  reat^  can  be  duo 
only  to  the  inertia  of  the  body. 

Let  ns  now  suppose  that  the  bodies,  instead  of  being  perfectly  inelastic,  are  per- 
fectly elastic ;  and  that,  as  in  the  formsr  case,  tbey  move  so  as  to  impinge  at  some 
poijit  in  tbe  common  line  described  by  tb^  centfts  of  gravity. 

Blaitic  bodies  are  such  as  yield  to  the  force  uf  impact,  and  unde^o  a  comptesnon, 
and  therefore  a  change  of  figure :  the  elasticity  is  that  inherent  force  which  the  body 
isHa  to  recover  its  original  {ana. 

If  the  restoring  foroe  which  the  body  exerts  to  recover  ila  original  figure  is  equal  to 
the  impienng  force  at  the  point  of  impact,  «o  that  the  origioal  form  of  the  body  i» 
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perfectly  nabired,  and  in  the  lame  lengtli  of  time  that  it  UxA.  to  idler  Oitt  Item,  tfat 

elasticity  it  nud  to  be  perfect  elaatidty. 

In  the  caae  of  perfect  claaticity,  whaterer  Teloeity  one  body  Iowa  during  die  Bctioa 
of  the  comprening  force,  it  Btterwtxii  loeea  jnat  as  maoh  mam  during  tLa  i«tian  at  the 
restoring  fecce ;  and  vhsterer  Telocity  the  otiier  body  gains  during  ths  oompr««ion,  it 
gains  as  macll  more  dining  tbe  rectitutioa.  For,  at  the  end  of  the  time  occn[Hed  in  the 
cranpreuioii,  there  is  tlie  name  communication  of  momentum  u  in  the  case  of  nudiitia 
bodies :  at  that  instant  the  bodies,  then  in  the  closest  uiuoti,  most  bare  eqnsl  relooities. 
The  force  of  reatitntion,  exactly  equal  to  that  of  oampresdon,  then  tots ;  and  another 
effect,  the  opposite  to  that  of  collision,  takes  place ;  the  coUisioa  brings  the  bodja 
blether,  the  force  of  elasticity  drirea  them  asunder. 

No  bodies  in  natiire  are  perfbctiy  elastic,  or  completely  inelsatie.  The  moat  elaetio 
sobstanoe  at  present  known  is  ^ass.  Newton,  by  a 
contrimioe  similar  to  that  represented  in  the  margin, 
determined  a  very  close  approzimstion  to  the  defect 
from  peifect  elasticity  of  several  substances.  If  two 
balls  of  the  same  substance,  and  in  ereiy  otber  reqieot 
equal,  were  suqiended  &om  A  by  slmder  threads,  and 
each  let  fall  &aia  ei^ual  distanocs,  measured  from  the 
vertiCBl,  on  the  graduated  arc  B  C,  they  would,  ailer 
coUiaton  at  o,  each  return  to  the  point  in  the  arc  from 
which  it  started,  if  the  elssUcitr  were  perfect.  With  _ 
ivory  balls,  the  elasticity  bore  to  perfect  elasticity  the  — 
catioof  8  to9i  with  glass  balls,  the  ratio  was  15  to  16. 
From  reoent  experiments,  of  a  different  kind,  Mr.  Eaton 
Hodgkiason  has  determined  the  ratiog  to  be,  for  ivory 
*81,  and  for  glass  94 ;  the  latter  ratio  differing  bat  very  little  from  that  deduced  by 
Newton.  The  fractional  or  decimal  part  that  the  elasticity  is  of  perfect  elasticity  in  any 
substance,  is  called  tlio  nodului  of  elaitieity  of  that  substance. 

ExampU. — Two  perfaotly  elastic  bodies,  whose  masses  aie  M,  M',  moving  with  reloci- 
tiea  e,  v',  strike  with  direct  impact:  it  is  required  to  determine  their  velocitiet  after, 
wards.  While  the  compression  continnea,  the  bodiet  tuora  as  one  mass;  and  tbctefore 
with  the  TCJooity 

M,  +  MV 

'         M+^Sl"        t'J 

So  that  U  will  lose  die  Telocity  v  —  c„  and  M' will  lose  the  fdodty  v*  —  e,;  and 
these  express  the  velocities  communicated,  but  in  opponte  directions,  by  the  tbrce  of 
restitution.    Hence  the  velocities,  after  impact,  will  be 

of  the  mass  M,       ,  —  2(v  —  .■,)     ....    (2) 
and  of  the  mass  M',      t/  — 2(«'  — c,)     .     .     .     .     (3) 
Or,  subilJtutiDg  for  e,  its  vsluo  (1),  we  have 

velocity  of  M,      «— 2-^^^-'      ■■■■(*) 


TelooitrofM',     1/  — 2 


M(p'- 


(S) 


If  each  mass  be  multiplied  by  the  velocity  it  has  after  impact,  the  aomof  the  ^■ 
ducts  will  be  Mc  4-  M'l/ ;  wbiuh  is  also  the  sum  of  the  momenta  befoK  impact :  hence 
Bum  of  the  momeata  alter  impaot  is  the  same  as  the  sum  oi  the  uooenta  before 
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inpaot  Ifva  nbtnct  (3)  &vm  (2),  tlie  remainder  will  b«  i^  —  v.  honca  thedif- 
ftieDMof  llieTalooitimig  the  husb  both  belora  and  after  impact. 

IfM  ^H',  that  ii,  if  tile  bodie*  are  peifeotlf  equal  in  nuM,  at  vail  ai  pcrfeoQf 
eUalie,  tbe  m^reaaiiBi*  (1]  and  (6)  ihow  that,  after  impact,  the  bodie*  irill  excbanga 
tlleir  velocilie*,  M'  mOTing  with  the  Tah>cit;  v,  uid  M  with  the  Telocity  ^.  Hanoe,  if 
tms  of  the  bodiel  be  perfecll}'  at  rest,  the  other  which  strikes  it  will  impart  to  it  it* 
entire  Telocity,  and  will  itself  teat  in  iU  place. 

If  the  (Jasticity  be  imperfect,  the  foregoing  formula  will  reqoin  modificatioi.  Iiet 
*  be  the  modulus  of  elaaticity  of  the  impingiDg  bodies,  that  is,  let  the  force  of  restitution 
after  oompreasion  be  only  the  rth  part  of  Uiat  of  compression ;  then  the  oddiHtnal 
velocity  loat  by  M  &om  the  action  of  this  force,  instead  of  being  equal  to  that  lost 
directly,— namely,  v  —  v„  will  be  only  (  (v  —  v,);  and  the  additioual  vehtcity  Io«t  bjr 
H',  only  « (v'  —  v,);  so  t^t  the  Telocities  after  the  inq^t  will  be 


ofthemassM,     ,_  (i +  ,)(„_„,)  =  „  _(1 +«)  !^j^-^ 

Bid  of  lie  mass  M',    ^  _  (i  +  ,)  (f  _„.)  =«'i  -  U +')  ^^^ 
The  momenta  after  impact  will  be,  for  H,  the  first  of  these  eipressious  multiplied  by 
H ;  and  fin'  H',  the  second  multiplied  by  SC' :  the  original  momenta  are  for  the  former, 
Mv,  and  for  the  latter  MV.    Henoa,  the  momentum  lost  by  one  of  tlie  bodies,  by  the 
inqiact,  is  gained  by  the  other :  for,  as  the  aboTe  eiprcssions  show,  this  i 
faH,     (,  +  ,)15>^ 

"""'H'.     t'  +  -l"M|V' 
which  are  the  same  in  toIuc,  but  opposite  in  signs. 

TVlien  the  bodies  ore  perfectly  elastic,  it  has  been  seen  above,  ss 
qucnce  of  equations  (2)  and  (3),  that  the  flom  of  the  momoata  beibre  impact  is  the 
as  the  Bum  of  the  momenta  after  impact ;  and  also  that  the  difference  of  the 
of  the  two  bodies  must  be  the  same  after  impact  as  before ;  that  is,  calling  the  Tdodties 
after  impact  Y,  and  V)  we  must  hare 

MV  +  M-T  =  M«  +  MV. 
Also  y  —  T  =  f—v. 

.:    M(V-0  =  M'(«--T), 
and  V  +  0  =  (/  +  y. 

Now,  If  ve  moltitdy  these  two  lest  results  together,  wa  shall  have  the  equatioa 

M(V>  —  e")  =  M'(t^  —  V''). 
CooMqiMillr  M  V  +  M'  V  =  Mc"  +  iitf. 

We  may  tiMsefi»«  conclude  that  when  the  bodies  are  psrteotly  elostfe,  the  snm  of 
the  prodnota  of  each  body  into  the  square  of  ib  Telocity  is  the  same  both  beibre  anil 
after  impact. 

A  partienUr  name  is  given  to  the  loodnct  of  a  mas*  into  the  fqaare  of  the  velooity 
with  which  it  mores — it  is  called  the  pit  chk),  orthe  lm»g/ortt ;  m  that  in  the  coUision 
of  perfectly  elaatio  bodies  there  is  no  loss  of  vit  vim  occasioned  by  ths  impact  The 
emsidenticn  of  ths  force  thus  called  the  vii  viea  entan  largely  into  oortain  inquiries 
oonosoted  with  ths  moticik  of  fluids. 

1.  A  ball  whose  elaatidty  is  t,  atrikaa  a  perfectly  hard  plane,— ths  rsiMd  edge  of  a 
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bjlliard-tBljle,  far  cminplo  :  required  the  motion  of  tlie  ball  after  the  ImpEict.  Let  AB 
1)e  the  eEmight  line  described  by  tlie  centre  of  the 
bull  before  impact,  and  call  the  angle  ABD',  a; 
then,  c  beii^  the  velecity  along  A  B  C,  let  it  be 
repiesented  by  BC.  The  components  of  this 
Telocity — the  one  perpendicular  to  the  plane,  and 
the  other  parallel  to  it— arc  BD,  BE.  The  com- 
ponent BE  is  not  modified  by  the  impact  i  but  BD, 
by  the  force  of  restitution,  13  converted  into  B  D' : 
ce,  compounding  the  Telocities  B  E,  B  D',  the  path,  and  velocity  Vj,  after  impact, 
will  be  denoted  by  B  C. 

The  -velocity  B  D'  is  e  X  B  D'  =  «-  cos  o. 
The  velocity  B  E  is  u  sin  a ; 
because  the  velocity  parallel  to  the  plans  ia  unaltered  by  the  impact, 

.-.  r,.  =  («.  cos  a)' +  (!■  ain  a)' =  <«  (^  cos"  o  +  sin.  o) 
=  ii'(neo9'a  +  l  — coa'o)  =  ^{l  — (1  — <i')0O3'a}    ....     (1) 
For  the  direction  B  C,  after  impact,  ivc  have 


BD' 


(3) 


If  the  elasticity  be  perfect,  that  is  if  e  =  1,  then,  from  (1)  and  (-2), «,  =  « ;  and  «'  =  o : 
hence,  in  the  cose  of  perfect  elasticity,  the  ball  will  rebound  with  the  velecity  with 
which  it  etmck ;  and  the  path  it  takes  will  malce  an  angle  of  reiectiou  equal  to  tlie  angle 
of  incidence. 

But  if  the  elasticity  be  imperfect,  that  ia,  if  e  be  less  than  1,  then,  from  (1),  P  will  be 
less  tlian  V ;  and,  from  (2),  eot  a'  will  bo  less  than  eot  it ;  and  consequently  o'  will  be 

•    greater  than  a  :  hence,  in  the  case  of  impeifect  elastieity,  the  velocity  after  impact  will 

I    be  lew  than  the  velocity  before  impact ;  but  the  direction  after  impact  vpill  make  a 

\    greater  angle  with  the  perpendicnlar  than  the  direction  before  impact. 

j         2.  The  annexed  diagram  represents  two  bodies,  A  and  B,  impinging  upon  each  other 

I    at  the  point  o;   CD,  representing  In  magnitude  and 

'    direotJoa  the  velocity  of  the  former,  and  C'  D'  in  magni- 

I    tude  and  direction  the  velocity  of  the  latter.    Let  m  » 

I    be  the  line  perpendicular  to  their  surfaces  at  0.    By 
the  resolution  of  velocities,  A  may  be  regarded  as 

I    animated  by  two  velocities,  of  which  one,  C  E,  is  parallel 

[    to  n  HI,  and  the  other,  C  F,  perpendicular  to  the  same 
line.     In  like  manner,  B  may  ho  regarded  as  animated     , 
by  the  velocity  C  E',  parallel  to  n  m,  and  the  velocity 
C  F"  perpeudicukr  to  n  m,  ! 

If  A  and  B,  at  the  instant  of  contact,  wore  anl-    i 
mated  solely  by  the  velocities  C  P,  C'  F',  they  would    I 
merely  slide  one  past  the  other,  and  would  eiperience    p"" 
no  impact  or  shock :  the  shock  Ihey  do  Buffer  is  there- 
fore  due  solely  to  the  veloeitiea  C  E,  C'  E  ;  and  even 
then,  that  any  ghock  may  take  place,  the  former  velocity  must  exceed  the  latter. 

The  intensity  of  the  impact  is  the  same,  therefore,  as  if  the  two  velocities  C  E,  0'  K, 
alone  existed ;  and  the  two  bodies  will  move  as  iu  the  case  of  direet  impact,  only  that 
these  motions  will  be  combined  with  Ihe  unohanged  vclocltiei  C  F,  O'  F' : 
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tiierefore  only  have  to  compound  the  velocity  of  A  in  die  directdon  n  m,  after  tlte  direet 
impact  epoken  of|  with  the  velocity  C  F,  pcrpondioular  to  nm,  in  order  to  obtain  tht 
magnitude  and  direction  of  A  after  the  ahock ;  and  in  a  siniihu'  way  are  the  magnitnda 
and  diieotion  of  the  velocity  of  B  to  be  found. 

NoTB. — Itmmt  be  noticed  by  the  student,  that  what  has  here  been  taught  respecting 
the  collision  of  bodies,  concemi  only  their  rectilinear  motionB — their  actual  advance  in 
RpBce.  Unleea  the  line  of  direction  in  which  two  bodies  etsike,  pass  through  the  centra 
uf  gravity  of  each,  rotation,  as  well  aa  translation  in  space,  will  invariably  be  the  result : 
the  motian  of  tranalation  is  all  that  ia  sought  to  be  determined  in  discussions  on  the 
collision  of  bodies ;  and  it  can  be  proved  that  this  progreHdve  motiou  is  not  in  the 
Bl^test  degree  modified  bf  the  rotation  of  the  impelled  body.  Hore  advanced 
principles  hove  fully  established  the  following  general  proposition,  viz. — When  a  bodyia 
acted  upon  by  any  impulsive  forces,  of  which  the  Tesoltant  does  not  pass  Ihiough  the 
centra  of  gravity,  tho  body  will  have  in  consequence  a  double  motion  : — 1,  the  centre  of 
gravity  will  move  as  if  the  forces  were  immediatety  applied  to  it ;  and  2,  the  body  will 
rotate  as  if  thia  centre  were  absolutely  fixed.  But  want  of  space  compels  ns  f)  bring 
the  present  introductory  treatise  to  a  dose  : '  its  object  has  been  merely  to  present  to  the 
young  sludent  a  clear  and  perspicuous  development  of  the  fundamental  prioeiples  of 
Dynamics,  and  not  to  carry  him  ftirwaid  into  those  highsr  and  more  imposing  appliea- 
tioDs  of  thosa'principles,  which  necessarily  demand  a  hnowledge  of  amiA  mora  ractmdits 
mathematical  theories ;  and  for  which  no  provision  has  been  made  in  the  present  series 
of  treatises. 

The  student  who  has  carefully  mastered  what  ifl  here  delivered— and  who  moreover 
shall  have  acquired  a  femiliarity  with  the  DiSeientiai  and  Integral  Calculus — will,  we 
hope,  find  his  study  of  the  more  advanced  dynomiool  researches  somewhat  facilitated 
by  the  previous  perusal  of  this  elementary  tract.  Befbre  concluding  it,  however,  it  is 
proper  to  give  a  formal  enunciation  of  what  have  been  called  Newton's  Three  Laws  of 
Motion:  these,  as  alieady  observed  at  page  130,  are  certain  dyoamiool  axioms,  ot 
postulates,  assuming  principles  of  too  fundamental  a  chaniotec  to  a4mit  of  being 
rigorously  established  either  by  abstiact  reaaoning  or  by  experimental  proof.     In  the 

going  treatise  we  have,  in  general,  tacitly  taken  these  for  granted,  in  several  special 

cs  of  inquiry :  we  have  preferred  this  course,  to  the  usual  custom  of  stating  the 
three  laws  of  motion  in  all  their  gonerality  at  the  outset  of  the  subject,  because  we  think 
that  their  meaning  and  applicaliility  cannot  he  clearly  undeistood  and  perceived,  till 
some  familiarity  with  tbo  language  of  Dynamics,  and  with  a  few  of  its  more  elementaif 
problems,  has  been  acquired. 

The  Thsee  Z^m  of  Motion.— Thero  are  various  forms  of  expres^on  in  which 
Fewton'i  tliree  laws  are  delivered  by  different  writers  on  Dynamics :  tho  following 
nunciation  of  them  will  perhaps  be  found  as  intelligible  as  any. 

lint  LaiB. — A  body  once  at  rest,  will  remain  at  rest,  unless  act«d  upon  by  soma 
external  force ;  and  if  moving  in  any  direction,  will  continue  to  move  in  that  direction, 
unless  acted  npon  by  some  external  force. 

Steond  Law. — When  a  force  acts  upon  a  body  in  motion,  the  effect  of  this  action  IB 
Qie  same,  in  magnitude  and  direction,  as  if  it  acted  □□  the  body  at  rest. 

Third  Lavi. — This  was  stated  by  Newton  as  fellows: — "Action  and  reaction  ate 
equal  and  oontrary;"  that  is  to  say,  A  cannot  act  mechanically  upon  B,  without  A 
itself  being  reacted  upon  equally,  but  in  an  opposite  direction. 

The  conjoined  efieot  <rf  velocity,  and  the  moving  mou,  is  momenltan,  a*  defined  at 
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p*g«  149,  and  this  momentom  ii  the  djitaodoal  evidBuoa  of  Ute  "  aotaon"  lebned  to  in 
the  U«,  vbich  therefore  merely  ifflnu  that  wbKteTer  nuunsntum  a  body  oanmiuniMtM 
ia  ttty  diTBction,  Mafmementuinit  lowain  that  diiwtioD}  oi,  whioh  ia  the  nme  thing, 
it  reoeiTes  an  eq^ual  mameatum  in  a  oontiary  directioii. 

A  great  deal  of  abcttmot  argnmaot,  and  of  mevhonical  oontriTasee  and  experiment, 
have  been  emidoyed  to  demonatnte  tiie  truth  of  theee  poutioas ;  «e  Lave  neither  apaM 
noi  inflin»tjnn  to  enumerate  tliein  :  lome  thiagi  Miut  be  taken  for  granted,  aa  faadS' 
mental  or  piimitiTe  ptinoiplefl,  in  every  department  of  Kuence ;  reSeetion  and  oanmon 
aenae,  aisFoiaed  in  the  examination  of  nich  first  prineipkB,  tUI  niuaUf  produce  a 
itiDDger  amount  of  oonrictiiHi  of  their  truth  than  parmsaive  argnmonta  or  ^jproximative 
experimenti :  their  veriaimilitude,  whioh  renden  it  hard  eron  to  jin^gini)  ■  oontraten- 
tion  of  them,  muat  be  acoeptad  instead  of  rigid  proof :  and  when  it  ii  known  that  the. 
reanlta  of  the  ramoteat  inveatigatiani,  all  primarily  resting  on  the  truth  of  theae  aiiump- 
tioni,  are  ia  every  imtanoe  verified  by  aotual  experience,  the  original  or  prima  faeit 
probability  of  their  eorreclnefla  becomea  elevated  into  abaolute  certainty. 

We  may  lemaA  in  coneluaian,  QaX  the  fundamental  principlea  of  Dynamioi,  and 
(be  atiiot  matbematical  theoriee  and  deduotiona  founded  on  them,  find  theii  fulleat 
ntifloatioa  only  in  the  movementa  of  the  heavenly  bodiea.  Terreatrial  mechanica  ia 
eneombered  with  many  oonaiderationa  operating  aa  hindranoea  and  drawback!  to  the 
rigid  appliotiioa  of  thoaa  theoiiea,  Uaohinea  of  human  contrivance  perform  their 
fonotiODa  daoD^  the  intoirentian  of  rode  and  ban,  wheela  and  piniona ;  and  thua  the 
■MneidBiatiOD  of  firictitm,  an  obataele  that  iometimea  largely  modifiea  the  purely  matfie- 
autical  reaolta,  beoomM  imperatively  neceaaary  in  pnotical  mechanica.  But  llie 
mjuJunery'  of  the  heaven*,  without  any  phyaical  tiei  to  hold  it  together,  goea  on  in 
obedience  to  an  Almighty  Immaterial  agiaiey ;  and  thua  the  phenomena  exhibited  are  in 
the  conqdateat  hmnony  witJi  tbe  accurate  dednctioni  of  mathematical  icience. 

The  modi^ing  influenoe  of  frietitm,  in  the  ordiooiy  mechanical . 
in  the  tieatiae  on  Pba<;cical  lixcHuncB. 


The  fblloving  particulan  will  oflen  be  fbnnd  of  eervtce  in  dynamical  Inqtdilea: — 
FoFoeofgravity  in  the  latitude  of  Londoner  31'    8"  IT,    321908  feet. 
Force  of  gravity  in  the  latitude  of  Paria      i8'' 60'  U' N,     32-1820    „ 
Force  of  gravity  near  tie  Equator,  latitude    0'    1' 34"  B,      32088!    „ 
ForoB  of  gravity  at  apitabcrgen,  latitude      79''49'68"N,    382526   „ 
Length  of  the  pendulum  beating  aeconda  in  the  latitude  of  London,  391 39  inches. 
Equatorial  diameter  of  tie  earth,  792fi'4SS  geogtapMval  milea. 
Polar  diameter  of  (he  earth,  7898'972  „ 

A  French  metre  =.  39'3708  English  inches. 
A  French  gramme  =  15-434  grains. 
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Htdbost&tics  ia  Qie  science  idueb  treata  of  fluids  wlten  kept  ia  a  itate  of  TMt  ■» 
equilibrium  under  the  actioa  of  meoltaQiciiI  forcea  or  prewnrei.  Flnida  are  di*ti»- 
ginned  ftom  nHd  bodies  bj  obrious  and  remarkable  pocoliaritiet ;  and,  in  coBssqaence 
of  tiieae  difibrences,  the  stctica  and  dyoamicB  of  the  latter  become  only  partialiy 
applicable  to  t^o  fbntter ;  so  tbat  Ibe  statics  of  irater,  and  the  dynamici  of  irater, 
require  &  distinct  and  separste  consideratiDn.     These  two  iUrisioiui  of  (lie  genital 

mce  of  mecfaonics,  thns  applied  eicluaiTely  to  irater,  and  such  like  fluids,  are  o^ed 
letpeotiTety  SydnatiOio  and  Sj^dradynaniiet. 

To  define  ajfuid  would  be  to  describe  exajjtiy  what  it  it — its  iotenul  comtitatioD, 
M  well  aa  the  pbenomena  pecnliar  ta  that  constitution,  which  it  presents  to  onr  sestaes. 
But  tbis  ia  bcTOnd  our  power :  we  know  that,  in  common  with  all  material  eiisteneM 
c<MiDect«d  with  thil  earth,  it  has  weight ;  but  that,  unlike  solid  bodies,  it  is  witliout 
tbat  cohesion  of  parts  by  which  a  scdid  preserres  its  shape  in  wbaterer  position  it  be 
placed,  and  in  virtue  of  which  it  is  mored,  as  a  «^ole,  by  a  force  applied  only  to  a  part. 

It  is  this  absence  of  cobesLon  &om  among  the  coostitaent  particles  of  a  flnid,  tlat 
renders  those  partides  so  freely  moveable  among  themselTes,  that  causes  them  so  readily 
to  yield  to  any  impression,  and  to  obey  the  slightest  eSart  to  separate  and  detaoh  Ibem, 
as  also  to  admit  of  the  passi^  of  solid  bodies  through  them.  It  ialha  wantof  oohesion, 
too,  that  causes  a  fluid  to  change  the  %nre  it  is  made  to  inume,  when  supported  in  a 
Teasel,  aa  soon  as  any  of  that  support  ia  remored.  A  fluid  presses  laterally  as  well  as 
TerticiiUy ;  and,  in  otmaeqnenee  of  the  lateral  pressure,  tends  to  spread  itself  hoiiiontally 
ben  left  unconstrained. 

In  all  these  particulars  it^diflbra  entirely  froin  a  solid  body ;  ia  Mt>  all  the  particles 
mutually  cohere,  and,  in  the  sbsenoe  of  Tiolencc,  maintain  their  relative  positions.  In 
a  fluid,  on  the  contrary,  they  aie  entirely  free  to  interchange  situations,  and  to  move 
among  themselTes. 

In  this  general  statement  of  tbe  characteristic  differences  between  a  solid  and  a  fluid, 
it  ia  to  be  borne  in  mind  that  we  refer  only  to  fluids  soehaeweflnd  them  on  this  earth — 
fluids  acted  upon  by  the  (bree  (rf  giavitalion,  and  therefore  having  weight.  If  we  con- 
odve  a  vessel  of  witter  to  be  suspended  in  space,  andgravity  and  every  other  force  to  bo 
removed,  then  flie  fluid  having  no  weight,  there  would  be  no  pressure  on  the  vesul  in 
any  direction ;  so  &»t  the  water  would  preserve  the  shape  of  the  vessel  even  tboogb  the 

sr  were  removed.  In  the  absence  of  all  force  there  would  be  liothtng  to  disturb  the 
Original  arrangement  of  tile  component  parts  of  the  flnid  niasa. 

Two  Sltti*  of  nuMi. — Fluids  are  divided  into  compressible  fluids  and  incom- 
pmsible  fluids :  the  fbrmer  are  tboae  which  by  pressure  may  be  forced  to  oonbvct  into 
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mnaller  space — iuch  a  fluid  is  the  kii  we  biesthe,  and  over;  kind  of  gu.  The  incran. 
presiible  fluidi  aie  Oioee  whicli  cumot  by  pieuure  be  reduced  to  Bmaller  bulk.  Whether 
in  EtrictneEB  tuij  gact  fluid  actually  exists,  is  mi»«  than  ve  can  tay ;  because,  however 
it  mi|^t  resist  comproEsion  from  the  mecbacival  foioes  at  our  command,  it  would  be 
presumptuooa  to  conclude  that  compremon  was  impossible.  This,  there  is  reason  to 
btdiere,  is  not  the  case  with  any  fluid ;  water  was  formerly  thought  to  be  incompresuble, 
but  by  great  meebamcal  force  it  has  in  a  alight  degree  been  actually  reduced  to  smaller 
compass.  Still  this,  and  the  other  common  liquids,  are.  so  Uttle  compressible,  that  no 
practical  ermr  can  arise  from  treating  them  oi  incompressible  fluids. 

They  ai«  also  classed  under  the  heads  of  elastic  fluids  and  inelastio  fluids:  the 
fbimer  are  such  as  yield  to  compressiOD,  and  upon  the  pressure  being  removed  expand 
to  their  former  bulk.  Air  and  gases  are  elastic  fluids.  Water,  and  liquids  generally, 
are  of  couiae  regarded  as  inelastic  (in  tins  sense),  as  they  do  not  admit  of  compression 
in  any  degree  worth  notice. 

Flald  Elaaticity, — The  tenn  elasticity,  as  implied  to  fluids,  is  not  precisely  the 
same  in  meaning  as  when  applied  to  solids.  A  solid  body  is  elastic  when,  having 
yielded  to  tbe  force  of  a  blow,  an  equal  fbroe,  called  the  force  of  rcatitutioa,  is  exerted 
in  the  opposite  direction,  nstoiing  the  body  to  its  original  flguie :  there  is  no  condition 
as  to  whether  or  not  what  is  called  the  force  of  compression  actually  causes  the  body  to 
contract  into  smaller  compass.  Bat  as  regards  fluids,  elasticity  refers  to  their  con- 
traction by  preeaure  into  oflaller  bulk,  and  their  subsequent  expansion  to  the  original 
volume  when  the  pressure  is  withdrawn.  It  is  in  this  sense  that  the  elasticilf  of  fluids 
is  to  be  undetatood.  But  taking  tlie  term  with  tke  Bigciflcatitm  attaehed  to  it  in  the 
mecbanies  of  solid  bodies,  fluids  may  certainly  be  considered  as  elastic :  a  quantity  of 
water  poured  down  from  any  he^ht  on  a  bard  eubstance  will  to  a  certain  extent 
rebound,  and  disperse  itself  in  spray;  and  so  likewise  will  it  do  if  poured  upon  water 
itself.  A  flat  stone,  or  an  oyster-shdl,  thrown  very  obliquely  on  the  aur&ce  of  a  pool 
of  water,  will  also  rebound,  and  even  a  cannon-ball  will  do  the  same ;  but  in  none  of 
these  instances  is  the  fluid  oomprecsed  into  smaller  bulk. 

Vrtmaniaaioti  of  WxtMmt, — The  fundamental  properly  of  water  and  all  other, 
fluids  is,  that  a  pressure  applied  to  any  part  of  its  surface  is  transmitted  equally  in  all 
diredioiLi  tliroughout  the  entire  volume  of  the  fluid :  this  is  called  the  principle  of 
equal  pressure,  and  maybe  proved  in  various  ways;  for  instance,  if  a  vessel  be  per- 
forated all  round  at  any  depth,  and  glass  tabes,  however  bent,  be  inserted  in  the  ap^- 
tnres,  and  then  water  or  any  other  liquid  be  poured  into  tfce  vessel,  we  find  that  when 
the  level  of  the  perforationB  is  reached  the  water  presses  into  the  tubes ;  and  however 
the  level  of  the  water  in  the  vessel,  to  the  same  level  it  always  rises  in 
each  tube — thus  showing  that,  on  the  same  extent  of  surbcs 
at  the  same  depth,  there  must  be  llie  same  pressure. 

Again :  let  a  vessel  of  any  shape  be  filled  with  water,  and' 
to  any  two  equal  perfbiations  in  its  mdes  let  pistons  A,  B 
be  fitted ;  let  the  proper  amount  of  pressure  be  ^iplied  to  the, 
pistMi  A  to  keep  the  fluid  in  its  place,  and  also  the  proper 
^^^=S^^  amount  of  pressure  to  the  piston  B.  Then  it  will  be  found 
tilat  any  additional  pressure  applied  to  one  of  the  pistons  is 
transmitted  to  the  other;  so  that  equal  additional  pressures 
nmst  be  ^pUed  to  both  pistons  to  keep  the  fluid  in  its  placc^  car  to  prevent  one  of  the 
pistons  from  being  finted  outwards. 
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e  presBure  wall  be  U 


And  if  the  Teuel  trero  covered  with  such  pUtons,  the  si 
mitted  to  eacli  of  the  othen  tiut  ii  applied  to  any  oru  of  tlicm. 

This  very  renutikable  propo^  of  fluids  is  perfectly  genenl,  huTins  place  whaterer 
be  the  ooabiar  or  external  form  of  the  Teasel ;  if,  fur  inatance,  (he  form  be  that  it 
luargia,  namely,  A  B  C  B  F,  the  downward  pressure  at  B, 
arising  from  the  weight  of  the  water  iu  the  tube  A  B,  pro- 
duces an  equal  upward  preasnre  iip<m  every  pottion  of 
■aarhce,  equal  to  Uie'  base  oS  the  tube,  between  B  and  0, 
and  between  B  and  F.  AUothepi«ssuieof  the.fluidupou 
the  base  D  E  of  the  vessel  is  the  same  as  it  would  be  if 
the  vtssel  were  enlarged  to  the  fbnn  H  E,  and  the  com- 
partmenla  E  B,  G  B  filled  up  with  the  fluid,  the  aides  or 
partitions  B  C,  B  F  being  removed ;  for  before  the  removal 
of  these  aides  the  upward  ptoseure  on  B  C  ia  the  samo  as 
Hhs  downward  pressure  on  it,  from  the  weight  of  the  ftuid 
afterwards  introduoed  into  H  B ;  the  two  pcessuies  there- 
fore neutralize  one  another,  and  thus  there  ia  no  additional 
pieaeare  sustained  by  the  bottom  of  the  veasel  D£:  in  like  manner  is  there  no  additional 
pressure  from  the  additional  fluid  in  the  compartmeut  G  B. 

This  is  a  property  of  fluids  so  extraordinary,  that  it  has  been  called  die  Sgdrattati'! 
'  Paradex  ;  namely,  that  the  quantity,  and  therefor?  tlie  weight  of  the  fiuid,  may  be  ia- 
j  dcfiiul«ly  increased,  and  no  iocrease  of  pressure  be  auetained  by  the  bottom  of  the 
I  vessel,  Uie  pressure  on  the  bottom  beii^  due  entirely  to  tho  ktight  of  the  fluid,  and 
{   quite  independent  of  ita  other  dimensiona. 

Si^pose  in  any  vessel  Cfi,asolidbodyM,a«ama«iof  lead,  were  suspended,  then  if  a 
fluid  be  poured  iu  to  fill  up  the  empty  space  about  M, 
the  pressure  on  the  bottom  of  the  vessel  will  be  the 
same  ae  if  the  moss  M  were  removed,  and  i 
place  supidied  by  additional  fluid :  the  pressures 
on  the  sides  too  of  the  Teasel  must  : 
noaltered,  whether  the  mass  H  he  of  lead  or  of  the 
fluid;  for  the  mass,  whatever  it  be,  ao  that  it  be 
iacompreBoible  by 
the  Burroundic^  Cr— 
fluid,  can  not  in 
any  way  modify 
tho  presaorea  ei- 
ctted  on  the  bottom  and  sidea  of  the  vessel  when 
filled  wholly  with  the  fluid.  It  may  be  obs«cved 
here,  that  not  qnly  ia  tho  praaure  on  the  botttMn  of 
the  vessel  the  same  when  tho  fluid  in.  it  is  only  tho 
border  of  fluid  surrounding  M,  as  when,  M  bdng 
removed,  it  is  quite  full,  but  tho  leeigbt  of  the  entire 
vessel  and  ooutents  is  tho  same  iu  both  coses,  though 
M  be  firmly  supptoted  by  the  beam  B — fbr  only  ao 
much  of  U  is  thus  supptalod  as  is  equal  to  the  exocM  of  its  weight  above  the  weight  , 
of  the  fiuid  which  Alls  up  the  apacs  occupied  by  M  upon  the  removal  of  that  body. 
Thepressureof  afluidon  thebaseof  aTeascl  ia  no  indicationor  meaauroof  tho  w^ght- 
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of  tbe  fluid :  tiie  pressnri!  on  llio  base  A  B  is  tho  same  irlicther  the  vessel  filled  with  tLe 
fluid  be  C  A  B  D,  or  E  A  B  F,  though  the  weights  are  of  courae  different. 

It  thus  happens  that  by  enloi^^ng  the  base  of  a  Teucl,  and  nuroirii^  the  upper 
put,  or  by  narrawing  the  upper  part  only,  we  may  cause  the  preseura  of  the  container 
fluid  on  the  baae  to  excttd  its  ireight  in  any  given  ratio  : — for  instance,  if  tbe  vessol  bi 
of  the  form  of  a  cone,  standing  on  its  base,  the  pressure  od  the  base  will  be  three  time 
wci^t  of  the  fluid  itself.  For  the  pTessnre  on  the  base  wiU  be  the  same  a 
if  diat  base  supported  a  cylinder  of  fluid  instead  of  a  cone  of  the  same  height,  and  'i<^ 
know  that  the  content  id  tbe  cylinder  is  three  times  tbe  content  of  tbe  inscribed 


Paradoxical  as  the  statement  may  seem,  that  the  pressure  on  the  base  is  three  tjmes 
the  whole  weight  of  the  fluid,  the  fiiot  mny  be  readily  expluned  on  the  principle  of  the 
equal  tranamisaion  of  fluid-pressure.  If  the  hollow  cone  be  of  heavy  metal,  and  of 
sufficient  weight  to  be  completely  water-tight  when  merely  placed  on  the  base,  l^en, 
however  grest  this  wciglit  of  metal,  if  only  the  cone  be  sufficiently  high,  and  water  bo 
poured  into  it  through  an  orifice  at  the  top,  the  upward  pressure  of  tbe  fluid  will  a 
with  greater  and  greater  intensity  against  the  interior  aurbce,  till  at  length  the  coi 
will  be  seen  to  rise,  forced  upwards  by  the  superior  pressure,  and  tho  water  will  escape. 
This  will  be  the  subject  of  a  problem  hereafter.  Eqnal  pressures  upward  and  downward 
have  no  cflect  on  Hie  weight. 

HrdrostAtie  Fftrkdox. — But  vhst  is  more  emphatically  called  the  hydrostatic 
P  paradoiisthis:—Ali,  CD  are  two  stout 

boards  connected  together,  like  the  boards 
^      of  a  pair  of  bellows,  by  a  water-tight 
leathern  band :  if  water  be  introduced 
into  the  enclosoro  through  the  pipe  P  oi 
otherwise,  the  upward  pressure  of  the 
fluid  will  separate  the  boards ;  and  upon 
stopping  the  further  supply  of  water,  the 
fluid  will  stand  at  the  some  level  both  in 
I       the  tube  and  in  the  receptacle  C  I) ;  so 
that  the  small  portion  of  water  in  tho 
tube  op  to  Q,  balances  or  keeps  in  eqni- 
librio  the  large  body  of  water  C  B.    If 
now  a  heavy  weight  be  placed  on  tho 
board  C  D — a  weight  equal  to  that  of  a 
'      mass  of  water  that  would  Gil  up  tho 
space  E  D  above  the  board-^hen  the  ad- 
ditional small  portion  of  water  filling  the  tube  up  to  K  would  keep  that  weight  supported. 
If,  instead  of  water,  the  cavity  C  B  bo  bflated  with  air,  by  a  person  standing  on 
CD,  aad  blowing  into  tho  tube  PQ  with  his  mouth,  the  same  elfert  will  take  place ; 
'^e  person  may  thus  easily  raise  himself  higher  and  higher,  and  may  therefore  literally 
e  said  to  be  Mowing  himself  up.    Such  a  contrivance  is  called  the  hijireitatie  ieliaip: 
All  the  phenomena  hitherto  enmneraled  ore  necessary  consequences  of  tho  trans- 
ilsaion  of  fluid-pressure  in  all  directions.     In  the  illnsdation  just  given,  tho  downwarf 
pressure  of  the  slender  column  of  water  P  Q  is  transmitted  as  an  upward  pressure  upon 
every  area  cqunl  to  tho  section  Q  of  the  entire  surface  CD;  and  thag  the  downward 
pressure  of  the  body  of  water  E  D,  or  of  the  cquiFttlent  weight  W,  is  countorbalanced. 
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BxWHuUL'a  BrdxMtaUo  FieH— The  hjrdrotUtio  bellows  is  llttla  more  tin 
philosophical  toj  for  illiutrating  in  a  popular  aod  atiiking  maniieF  th2.t  peculiar  and 
iioportailt  prt^rtj  of  fluids  bf  which  pressure  on  a  snuiU  surface  is  commtmicated 
uudiminiahed  to  eveiy  pordou,  equal  in  area,  of  a.  largo  surface.  'Without  the  aid  of 
levers  or  pulleys  or  wheels,  or  oier  BUeh  mcchamcil  eontriyances  for  accumulB! 
and  concentrating  force,  this  fundamental  property  of  water  euablea  us  to  eommiui< 
great  a  prouing  force  u  we  please  at  the  expense  of  u  little  applied  power  as  we  jJease. 
One  of  the  most  interesting  and  useful  eiempUfloa- 
tiona  of  this  ia  furnished  by  Bramah's  hydrostatic 
press,  a  machine  the  principle  of  which  will  be  suf- 
fiuientlf  understood  fiom.  the  annexed  diagram, 
without  entering  into  minute  details  of  its  eon- 
Btructiou.  Water  communicates  with  two  oyliudeia 
of  metal,  as  in  the  figure  :  one  of  these  oylindera  is 
of  considerably  larger  section  than  the  other.  Water- 
tight pistons  A,  B  baiog  fitted  to  both,  any  force  or 
pressure  applied  downwards  to  the  smaller  A,  acts 
upwards  upon  the  larger  B  with  an  intensity  as 
luany  times  the  a^^lied  pressure  as  the  area  of  it  U 
contained  ia  tho  area  of  B ;  so  that  by  diminishing 
tbe  diameter  of  A,  or  by  increasing  the  diameter  of 
II,  we  may  make  the  upward  presoure  upon  B  as 
many  times  the  downward  pressure  upoa  A  as  we 
please.  Suppose,  for  instonee,  the  diameter  of  the  cylinder  A  is  half  on  inch,  and  that 
of  Uie  cylinder  B  one  foot ;  then  as  tho  areas  of  circles  are  jroportianal  to  the  sqoaies 
of  their  diamct«n,  we  shall  have 

(J)^  :  12' ! :  applied  pressure  : :  resulting  pressure  ^  57S  times  tiie  applied  pressure ; 
80  that  a  pressure  of  1  cwt.  applied  to  the  piston  A  will  produce  a  pressure  of  STBcwi, 
or  noarly  29  tons,  upoa  the  pistim  B.  It  is  plain  that  by  means  of  a  lerer,  applied  to 
the  pislou-rod  A,  the  downward  pressure  may  be  increased  to  any  required  amount ; 
and,  in  fact,  by  Jnureaaing  the  disparity  in  t^e  diameters  of  the  cylinders,  and  ueing 
only  a  moderate  leverage  on  A,  the  transmitted  pressure  may  bo  made  as  great  as  the 
metal  cylinders  can  sustain.  Something  of  this  kind,  no  doubt,  takes  place  in  nature : 
water  finds  its  way  down  the  dunks  oud  crevices  of  rocks  and  mountaius,  settling  is 
whatever  cavity  within  there  may  be  to  receive  it  This  cavity  in  time  becomes  filled, 
and  a  number  of  slcuder  and  irregular  columns  of  water  reaching  from  the  reservoir  to 
the  surQice,  tlio  upward  and  lateral  pressure  of  the  reaervoir  Iwcomes  at  length  greater 
than  tho  rocky  receptacle  can  suatAin,  a  rupture  takes  place  at  the  weakest  part,  end 
devastation  is  spread  around.  On  a  email  scale,  this  olfoct  is  actually  produced  a 
ficially  ia  mining  ;  where  water-pressure  is  soEnetimes  thus  introduced  tot  tlie  purpose 
of  blasting  rocks. 

It  may  not  be  altogether  unworthy  of  notice  hero  that  the  Creator  has  provided 
a  remarkable  preveutivo  for  these  destructive  effects  of  ftuid-preasure  when  exerted 
thi-ougb  a  high  column.  The  sup  of  trees,  extending  from  tbe  roots  to  the  height  of 
SO  or  100  feet,  if  it  gravitated  like  the  column  of  water  in  a  Bramah's  press,  would 
rupture  the  trunks  of  the  largest  trees  i  but  wlien  fluid  is  introduced  into  very  narroio 
tubes,  an  upward  force,  called  capilbuy  attraction,  acts  on  the  fluid  in  opposition  U 
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doimwsnl  pressure ;  and  it  is  this  force  irMch  anstaine  tlM  sap  in  trees,  and  nentrslizva 
the  doviiirard  pressure  of  the  fluid. 

CxyltuuiUoB  tf  T«iB>s. — In  the  treatise  on  Dynamies  (page  149)  the  meaning 
of  the  tenn  imui  was  explained,  and  the  distinotion  shown  between  it  and  weight.  The 
weight  or  pressuis  produced  b;  a  mass  M  under  the  influence  of  gravity  may  be  denoted 
thus,  namely,  W^  Mj.  But  in  applying  this  notation,  care  (hoviJd  be  taken  to  pteaervB 
-consistency  of  meaning  between  the  two  members  of  the  equation.  H  should  be  re- 
garded as  so  man;  units  of  moss,  Just  as  in  Dynamics  (  is  regarded  as  so  many  units  of 
ime  :  the  miit  of  masa  may  ho  arbitrarily  chosen ;  and  whatercr  it  be, 

one-unit  of  mttffl  X  ?  =  weight  of  the  unit; 
10  that  here  g  is  not  to  be  regarded  as  the  symbol  (br  the  accelerating  force  of  gravity, 
but  for  tho  weight-force — tba  force  which  pvev  to  the  mass  M  its  weight  or  pressure  ; 
j1  employing  M  us  an  abstract  number,  namely,  the  number  of  units  of  mass,  wo  havo 
1  yt.  g^^  weight  of  the  unit  of  mass ; 
that  is,  in  the  present  inquiry,  g  stands  for  the  following  effect— namely,  tie  weight 
impressed  by  gravity  on  the  unit  of  mass.     This  is  a  definite  and  perfectly  intelligible 
measure  of  the  effect  of  gravity  as  a  statical  force ;  with  tho  accoleration  produced  by 
■e  have  here  no  concern ;  and  when,  as  in  the  current  works  on  thii  subject,  it  is 
1,  "  let  M  represent  mass,  and  g  tho  accelerating  force  of  gravity,  and  wc  shall  havo   j 
=  M^,"  the  language  is  calculated  to  mislead  tho  student  into  tbc  supposition,  that   ! 
mass  of  a  body  is  the  33ad  part  of  its  weight,  which  is  of  course  an  absurdity  :  tho    I 
t^rm  accelerating  force  should  never  be  employed  in  any  statical  inquiry,  as  it  is  nn-    ! 
intelligible  without  referonce  to  motion :  the  effect  of  the  influence  so  called  is,  in 
statics,  continued  but  stationary  ptesauie  or  weight,  and  nothing  else.  < 

In  order  to  ostimato  the  mass  or  quantity  of  matter  in  any  body,  it  ia  neceasary — as    I 
ji  all  other  cases  of  measurement — to  have  reference  to  tome  eonrenttonal  standard,  as   j 
Mm  unit  of  measure ;  accordingly,  by  general  consent,  the  mass-unit  is  the  quantity  of   ; 
■  ter  contained  in  the  volume-unit  (a  cubit  foot,  or  cubic  inch)  of  distilled  water  at  a    j 
sin  temperatare.     Consequently,  g  stands  for  the  weight  of  a  cubic  foot  or  inch,  as 
may  be  agreed  upon,  of  distilled  wator:  as  the  cubic  foot  weighs  just  1000  ounces,  this 
the  unit  to  be  preferred,  so  that  the  eiprassion  W  =;  My  implies  that  if  we  take  tho 
mber  of  cubic  feet  in  a  body  of  distilled  water  ooutainiag  the  some  quantity  of 
itter  as  (and  therefore  of  lie  weight  of)  "W,  then  1000  oz.  multiplied  by  that  number 
will  give  "W,  the  multipiying  number  being  all  that  is  represented  by  M. 

If  a  body  contain  D  times  aa  much  matter  as  a  body  of  distilled  water  of  equal 
volume,  the  former  is  said  to  have  D  times  the  density  of  water,  so  that  the  density  of 
water  being  taken  ^  1,  that  is,  being  taken  for  the  unit  of  density,  D  will  denote  tho 
density  of  the  body  ■■  hence,  if  V  be  the  volume,  or  rather  the  nmnber  of  enbio  feet  in 
the  body,  DV  will  be  the  number  of  cubic  feet  in  its  equivalent,  as  to  quantity  of 
latter,  of  water ;  and  Iberefore 

W  =:  Mj  =  DVff (1) 

Also  if  a  body  weigh  S  times  as  much  as  a  body  of  distilled  water  of  eqnal  volnme, 
the  ^Kcifle  gravity  of  the  former  ia  said  to  be  S.  By  the  spcoifle  gravity,  therefore, 
of  any  sabstance,  is  simpl;  meant  tho  ratio  of  the  weight  of  any  volume  of  it,  to  the 
wei^t  of  an  equal  volume  of  distilled  water. 

Both  the  density  and  specific  gravity  of  any  substance  are  expressed  by  the  same 
abstract  namber :  thus  the  density  of  mercury  as  compared  with  distilled  water  is  14, 
its  specific  gmvity  also  is  14 ;  but  the  density  refers  entirely  to  the  mass,  the  qieoifio 
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gnvitytotheirei^:  taOtemis  11  time*  aa  tnach  inattar  in  b  cubic  foot  of  metcurfM 
aoubicfoot  of  distilled  VBter,  the  density  of  the  fonneris  I4timsathst  of  the  Utter; 
d  since,  ss  a  oonseqaence  of  this  superior  density,  s  cnbio  fbot  of  maronry.  is  14  times 
MkeaTj  so  aoalnc  foot  of  distUlcd  irster,  the  apeoi&o  gisTity  of  meraury  is  II  also. 
Hence,  W  BAd  T  denoting  -weight  and  volume  ss  before,  wo  have 

W  =  8V;  {g  =  one  thousand  ounces)     ....     (2] 
Zntesvretatlan  «f  WyatAol», — From  the  ezplanatiotu  now  given,  it  irill  be  pei- 
oeived  that  the  rpabols  to  be  hermftei  emidojed  have  the  folloirmg  significations, 

M  :=  the  number  of  cubic  feet  in  a  body  of  'water  OMittuiuiig  the  same  quantity  of 

matter  (and  therefore  of  the  same  veigfat]  as  the  body  propcaod. 
V  =;  the  numier  of  cubic  feet  in  the  body  proposed. 
D  ^  the  HiMiisr  by  which  a  volume  of  water  must  bo  multiplied  to  give  the  same 

quantity  of  matter  as  is  contained  in  an  equal  volnine  of  the  propoaed  body. 
8  ^  the  nmnier  by  which  s  volume  of  water  must  be  multiplied  to  ^vo  the  same 
weight  as  an  tgual  volume  of  the  proposed  body.    Hence,  D  and  S  ai« 
aame  abMract  numben,  but  the  former  refers  U>  quantity  of  matter,  and  the 
latter  to  wnght. 
/  ^  1000  oz.  avoirdupois  :  the  weight  or  pressure  communicated  by  gravity  to  a 

cubic  foot  of  distilled  water,  at  a  temperature  of  Btf  Fshrenbeit. 
All  these  aymbol^  except  the  pressure  or  weight  f  produced  by  gravity,  are  ab«traot 
umbeis :   the  symbol  W  is  of  oourae  the  concrete  quantity  tenght,  as  in  oomi 
language.    And  wei^t — including  under  this  term  both  preseute  and  tension — is  tho 
only  concrete  magnitude  with  which  we  have  to  do  in  Statica. 

nMld  Pvea*u«ar-rl.  Wheii  a  fluid  la  at  test,  its  upper  surface  is  horizontal. 
Let  P,  Q  be  any  two  piunta  in  the  upper  iw&oe  of  a  fluid  at  rest,  and  the  vertical 
lines  F  A,  QBbedrawn,  ABbeinga  horiiontal  line   P  <t 

of  particles  of  the  finid.    Then  as  A  B  is  in  equilibiio, 
the  presaurea  on  the  exbemities  A,  B  in  the  horizontal 
direction,  must  beeqnal;  but  the  proseore  on  A  in  the 
direction  A  B  ia  the  Nune  as  the  vertical  pressure  of   ^ 
the  column  of  partadea  F  A,  and  the  pressure  on  S  in 

the  direction  of  B  A  is  the  same  a*  the  vertical  preesnreof  the  column  of  partidesttB. 
le  preatmet' are  equal;  therefore  the  column  of  partioleaFAisequal  to  the 
eolnmnof  partioleaQB;  ^at  is,  the  p<mtsF,  Q  are  equally  distant  from  thehorison- 
tal  line  A  B,  and  are  therefbre  tlteniaelvea  in  a  horizontal  line ;  and  in  the  same  way 
is  it  shown  that  any  two  polnta  on  the  upper  sar&ce  are  in  a  horiioutal  line,  sad 
diemfbre  that  the  entire  snr&oe  is  a  horizoatal  plane.  It  is  evident,  too,  that  if  AB  be 
a  fluid  sustaini eg  a  lighter  fluid  that  does  not  mix  with  it,  the 
separating  surface  A  B  will  be  horizontal;  for,  from  what  is  shown  above,  every  point  of 
A  B  is  pressed  alike. 

It  must  be  obserrcd,  that  what   aro   called 

vertical  linei)  are  lines  perpendicular  to  the  surface 

I    of  the  earth;  and  the  upper  surfkoe  of  a  fluid,  hers 

shown  to  be  perpendicular  to  these  verticals,  will 

therefore  be  a  surface  parallpl  fo  that  of  the  earth— 

a  ipherical  anrface :  but  it  is  customary  to  call  but  a  small  portion  of  such  a  large  surface 
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It  ii  upon  tliis  fioftatj  of  fluidi  that  the  tbIos  of  leTeUing  iusliumeuls  dependaj 
that  U,  iiutnime&ta  whidi  aerve  U>  shov  vhetliei  oi  not  ui;  two  pcoata  sre  at  the  hbb 
boriEOiital  IsveL  The  common  level  conilBti  of  a  bent  tube  (u  in  previoug  page),  apea 
at  the  end^  iriuoh  ant  turned  up.  The  tubs  ii  nearly  filled  vUh  a  fiuid,  genioally'  mei> 
CU17,  Thich  auppcals  two  fioati  heaiing;  ai^ta,  with  a  gleoder  wire  across,  the  irii«s 
being  at  equal  iJiataiujea  bom  the  floaU.  Whou  held  in  &e  haott,  the  two  mahom 
bMiiog  tba  floala  are  necowarily  boiizontal,  horeTer  the  tube  jtadf  luj  be  inclined ; 
and  ooniequentlj  the  two  virei  are  alwaya  on  the  aame  horiiontal  plane ;  alao  what- 
erer  other  objecta,  teen  through  the  sights,  maybeanthesame'leTelai  the  wires,  nuiat 
likewise  be  in  the  samt)  horicontiil  piano,  or  on  the  some  level. 

2.  The  praasuTs  perpandfcular  to  a  sur&ce  iauneraed  in  a  fluid  is  equal  to  the 
weight  of  a  column  of  the  fiuid  whose  base  is  the  area  A  of  the  aur&ce,  and  whose 
altitude  is  the  perpeadicuhudeptib  of  the  centre  of  gravity  of  the  sur&oe. 

For  let  tbe  yertical  leogth  of  any  linear  column  of  particle*  j^Msisf  mi  the  surbce 
bea„  and  the  point  of  the  surface  preaoed  be  Pi.  Begsrding  thii  point  as  a  small  area, 
we  have  for  the  preasure  or  weight  of  the  column,  %P|<>„  S  being  the  apeoific  gnvity 
of  the  fluid.  In  like  manner,  for  another  vertical  colonui  of  length  a„  preesing  on 
another  point  Fj,  we  have  SgP^;  and  eo  on.  Hence,  the  whole  pKesure  perpen- 
dicular to  tiie  cur&oe  is 

S?(P,a,  +  P^  +  PA+    .     .    .    .) 

But  if  G  be  the  depth  of  the  centre  of  gravity  of  the  Msemblageof  pdnts  Fi,  Pa,  Pn 
&0.,  that  is,  of  the  proposed  sur&oe  A,  then  by  Statios, 

Vi  +  Prt  +  Ps^+  ....  =:{P,-|-F,  +  F,+  .  .  .)G 
.■.  Prtaanra  perp.  to  the  aurfiuw  ^  SAG ,  j 
whereAGistheTolnmeVofaodunmof  fluidof  base  equal  to  the  are«  A  and  height 
G  i  so  that  'W  =  SVf  (page  1S7).  Hence,  if  a  given  area  A,  immerKd  in  a  fluid, 
revolve  round  its  centre  of  gravity,  the  pceaaure  perpendicular  to  its  anrface  must  be 
tiie  tame  in  every  poeilioo.  Alsoif  the  ana  be  a  rectangle,  the  preMun  upon  it,  when 
it  forms  the  bottom  of  a  vessel,  will  be  double  the  pressure  upon  it  when  it  fbtms  oat 
of  the  vertical  aides ;  to  that  the  preasure  upon  the  four  sides  of  a  coUcal  vessel  filled 
with  liquid,  is  equal  to  twice  the  pressure  on  the  base,  that  is,  to  twice  the  weight  of 
the  fluid. 

If  the  sides  of  a  vessel  filled  with  fiuid  are  all  vertical,  the  entire  pressure  on  the 
sides  is  equal  to  the  weight  of  a  cdnnm  of  the  fluid  whose  base  is  the  rectangie  fonoed 
by  developing  the  sides  into  a  plaoe,  and  whose  height  is  half  that  of  the  fluid. 

By  means  of  the  preceding  propoution,  it  is  ea^  to  find  the  amount  of  pressun 
suslAined  by  a  rectangular  dsm,  or  by  apairof  fiood-gatea.  If  we  multiply  the  area  t^ 
the  dam,  or  flood-gats,  by  half  the  depth  of  the  water,  we  shall  have  the  volume  <^ 
water  the  weight  of  wliioh  will  be  the  pressure.  For  example :  let  the  water  be  8  feet 
deep,  and  the  breadth  of  the  flood-gate  6  feet ;  then  the  area  of  the  surface  presaed  it 
18  feet:  hence, 

48  X  *  =  192  cuMc  ftot  of  water=  12000  pounds  =  6^  tons. 


Since  the  centie  of  gravity  of  a  straight  line  is 
lines  a„  o^  be  placed  vertically  in  a  fluid,  tJie  uppc 
surface,  then  pressure  on  a, :  preesure  aas^-.-.a,"; 


point,  if  two  straight 
of  each  being  on  the 


that  is,  the  preasnres  are  as  the  squares  of  the  lengths.    But  if  the  lines  are  iaolined  b> 
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the  Burface  of  the  fluid  at  iha  uigles  a^,  a^  TsepectiTelj,  the  perpendiculai  deplhi  ofthe 
centre  of  gravity  are 

jUi  nn  «!,  and  j«,  nn  kj. 
The  preaiuTea  MB  tlNE«fbfe  aa 

"  1,  X  i^i  ain  a, :  Bj  X  iflj  wn  a„ 

that  ii,  ai  llie  aqaana  of  the  Unea  into  tiie  sines  of  the  ideIm  of  inelinatioD,  or  m  tho 
■qnarc*  of  the  Uaw  themelTee  if  the  ioclinatirau  are  eqnaL 

If  a  bnangle  be  immened  at  my  inoUiution  in  a  fluid,  widi  iU  vertex  dowmraid 
and  its  bMe  horiiontal,  and  at  Uie  surboe  of  the  fluid, 
w  D  £,  F  O,  tlie  one 
01  distant  from  the  base  as  the  other  is  from  (he 
vertex,  will  be  equal. 

Foe  drav  C  M  bisoeting  i  B,  and  therefore  bi- 
totiDg  the  panllels  D  £,  F  G  in  m  and  ». 
Nov  the  praamret  onD£,FGareasD£.Hm: 
FG.Mh;  thatii,  ssD£.Cn:F6.Ciii.     ButCn; 
m  ::  F G  :  D E ;  hmcB  the  preaanrcs  are  as  D E . 
G  :  F  G .  D  E ;  that  is,  they  are  equal. 
If  the  triangle  be  leTersed,  C  being  at  the  surface 
of  tlio  fluid,  the  student  may  caailj  prove  that  the 
pressures  on  any  two  parallela  arc  as  the  squares  of  those  parallels, 
their  depths. 


IS  the  squares  of 


3.  If  one  of  the  sides  of  a  Teasel  filled  with  fluid  be  arectan^andif  thi> 

be  divided  by  a  diagonal  into  two  (ziingles,  then  the  preasuie 
on  one  liiangle  will  be  double  that  im  the  other. 

For  let  A  B  C  D  be  the  rectangle,  Mtd  A  C  a  diagOML 
Let  AG  bisect  DC,  andCF,  AB;  and  take  Em  ==  lEA, 
and  Fn  ^  }FC:  then  m  and  «  are  the  centres  of  gravity 
of  the  two  triangles.  Tbe  depths  of  theee  centres  are  to  one 
another  as  En  ;Cni  that  is,  la^  :  §,ot  til:  2;  and  as  the 
areas  of  the  two  triangles  are  equal,  therefore  the  presoutea 
upon  then  are  as  1  :  2. 

4.  PaoBtBK. — To  divide  the 
preceding  rectangle,   by  lines 
I   parallel  t}  the  base,  into  »  reo- 
tu^ee,  so  that  the  pressure  on  each  may  bo  &.B  same. 

Let  E  B  be  the  lowest  rectangle ',  then,  dnce  the  centre 
of  gravity  of  *  reetangle  is  its  middle  point,  the  depth  of 


the  centre  of  gravity  of  A  C  is  }DA,  and  of  that  of 
jDE.    The  pressures,  therefore,  on  theee  rectangles  are  aa' 
DA  X  IDA :  DB  X  iDE,  or  aa  DA' ;  DE". 
But  the  pressure  on  A  C  is  divided  into  n  equal  pres- 
nee,  and  the  pressure  on  B  0  into  n  —  1  equal  preemres : 

DA»:DE'::n:«  — I. 
.-.  DE=^^^.DA. 
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.-.   EA  =  DA  — DB  =  DA  (I— J^^j 

If,  far  inEtunoe,  fhe  rectangle  is  to  b»  diTided  into  two  rectangles,  lo  that  the 
pressure  on  each  maj  be  the  same — that  ie,  lialf  the  vhole  pressure — then  iince  »  =  ~ 
DB  =  -J-^DA  =  JDAi/2. 

It  sppean  from  tliis  proposition,  that  in  conitnicting  a  flood-gate,  <x  an  upright 
itnblaibnient,  to  resiat  the  pressare  of  nter  agaiast  it,  it  is  uiineceesarj  to  nuke  the 
material  equally  strong  throughout;  the  proper  degree  of  stren^heinfr  secured  at  the 
bottom,  where  the  preuure  is  greatest,  the  itnngth  upwardi  may  be  dioiiiushed  in  the 
proportion  of  DA'  to  Df? ;  that  is,  the  ifrength  may  decrease  as  the  aqnaie  of  the 
depth  decreases. 

FooBLEu. — To  determine  the  pre«sure  upon  the  internal  saiUce  of  a  hdilow  sphere 
filled  with  fluid. 

The  centre  of  giBTity  of  the  sur&oe  pressed  is  at  the  centre  of  the  aphere,  bo  t 
the  distsnce  of  the  centre  of  gnTity  from  ^e  sariace  of  the  fluid  is  the  radius  r.  1 
area  of  the  sorface  of  the  sphere  is  **r',  where  *  itands  for  S'llIO :  hence,  the  press 
is  the  same  as  that  of  a  cytindiical  column  of  the  fluid  of  base  4irt^  and  altitiide  r. 

If  S  be  the  specifle  gnTity,  the  weight  of  this  column  of  the  fluid  is  1  nr^Sy ;  but 
the  volume  of  the  sphere  is  ■^rr',  and  therefore  the  weight  of  the  contained  fluid  is 
Hence  the  pressure  on  the  internal  surface  of  the  sphere  is  three  Umes  (he 
we^ht  of  the  contained  fluid. 

If  B  cone  have  its  base  equal  to  the  anrbce  of  the  sphere,  and  its  altitude  e(|tuil  to 
Qie  radius  of  f^  sphere,  the  pressure  oit  the  base  of  the  cone  will  be  the  s«me  as  that  on 
the  snrAtee  of  the  sphere,  when  both  are  filled  with  the  same  fluid  (page  Hi). 

FBOBI.EM. — To  determine  the  pressure  on  the  horizontal  base  of  a  Tesaol  contMning 
difiTerent  fluids. 

Let  EF,  Q  H,  J  E,  be  the  surbces  of  the  diflerent  fluids ;  these  surfaces  are  all 
hcciraxital  (p.  167).    Let  P,Pi,Pi,p3,^  ^  perpendicular  depths  of  the  several  layera    [ 
of  fluid  JC,OE,EH,AF,andS,  S„S„S,their    I 
respectdve  specifle  graTities  :  then  the  piessuret  of   ' 
these  several  layers  on  the  base  D  C  will  be, 

DO.JlSy,  DC.;.,8|j,  DC.J1,8^,  CD  .jijSjy 
and  consequently  the  whole  pretnure  oa  the  bate 
will  be 

DC  (pS  +p,S,  4-PjSj  +pS^5 
that  is,  the  pressure  on  the  base,  is  fbund  thus : 
multiply  the  area  of  the.  base  by  the  Hum  of  the 
products  of  the  perpeudicalai  thickness  of  each  fluid 
into  its  specific  gravity :  the  number  of  cubic  feet  in  the  result  will  be  the  number  of 
1000  ounces  of  pressure. 

If  the  depths  of  tlie  several  layers  of  fluid  are  all  equal,  then  .the  preosure  on  1 
base  will  be  DC  .p  (S  +  6,  +  a,  +  83)  jj 

BO  that  if  we  multiply  the  area  of  the  base  by  the  perpendiculat  height  of  one  of  the 
layers  of  the  fluid,  and  tbe  product  by  the  sum  of  the  spedflc  gravitiea,  the  tesolt  will 
be  the  number  of  1000  ounces  of  pressure. 
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Sxataple. — A  cylindrical  vessel  is  filled  irith  mercuiy  lo  iilf  ila  height,  and  tht 
remaindar  is  then  filled  with  water.     Supposing  the  epecifle  gravity  of  mercury  Ic  " 
H,  reqnired  tie  pressure  on  the  base,  and  on  thcconeaTB  perpendicular  sur&ce. 
Let  a  be  the  height  of  the  cylinder,  and  r  the  radim  of  ita  hasa :  then  the  arei 
e  base  of  the  cylinder  will  he  ■wr',  and  since  8  ^  U,  and  8,  ^  I,  we  shall  have  for 
the  piesBure  on  the  ba<e 

xr=  .  Jb  (U  +  1)  1000  oz.  =  ^  irr=B  X  1000  oz. 
The  pressure  on  the  concave  mrface  of  the  lower  half  of  the  vessel  ia  the  same  as  if 
water  in  the  upper  half  were  removed,  and  a  column  of  mercury  Vlth  oa  high  aub- 
ited  in  its  stead,  making  the  height  of  the  entire  column  of  mercury  (J  +  sV)"- 
ice,  the  area  of  the  lower  half  of  tlie  concave  surface  being  2xriB,  and  the  depth  of 
the  centre  of  gravity  of  it  ia  -1-  s's"  ^  f  o,  we  have  for  the  pressucB  on  that  aurface 
2irj4B  .  fa .  Itg  =  iirrd"  X  1000  oz. 
The  preBsura  on  the  upper  half  of  the  surface  is  2irr^ .  iay  ^  J^tb'j  ;  therefore  the 
whole  pressure  on  the  concave  surface  is  iTrra''g  -\-  iirra'ff  ^  J^iiro=  X  1000  oz. 

Or  the  pressure  on  the  concave  surface  may  be  found  thua ; — remembering  tho 
fundamental  principle,  that  a  pressure  exerted  on  tho  surface  of  ■  fluid  is 
n  all  directions. 

Pressure  on  lower  half  of  cylinder  by  the  mercury  alone, 

2»ria.  Jo  X  H? 
Ptessure  of  the  water  on  tlia  surfhce  of  the  mercury, 

2x^ia.JaXl? 
Preasare  of  the  water  on  the  upper  half  of  the  cylinder, 
2»i-Jo .  ja  X  1? 

8iun  of  the  pressures,  --rra^g  = —■'rii'  X  1000  oi. 

In  a  aimilar  manner  may  the  united  pressures  of  layers,  cqnal  or  unequal,  of 
different  fluids  be  always  ascertained  :  the  bottom  layer  eiennaea  its  Own  pressure,  and 
this  ia  increased  by  the  weight  of  the  whole  superincumbent  mais  ;  the  second  layer  in 
ke  manner  exercises  its  own  pressure,  increased  by  the  weight  of  tho  mass  above  it ; 
ad  so  on. 

Peobx-em. — A  hollow  cone  rests  with  ita  base  on  a  smooth  horizontal  plane,  and 
■ater  is  poured  in  ut  the  top.  How  high  will  the.  water  rise  before  it  HAa  the  cone  olT 
«  support  and  escapes  > 

As  the  water  rises  in  the  cone,  it  eiercisea  an  upward  pressure  on  ita  slant  sii 
which  increases  as  tho  perpendicular  height  of  the  fluid  in-  a 

ises  ;  and  as  aoon  aa  this  upward  pressure  becomes  equal 

he  downwani  presanre  or  weight  of  the  conical  shell,  t^c 
equiUbrium  is  Just  maintained,  and  no  more  water,  that  ia, 

more  upward  pressure,  can  be  siist^ned  by  the  cone, 
which  will  therefbre  be  lifted  up,  and  give  egress  Co  the 
water ;  we  have  Iherefota  to  find  the  height  of  water,  the 
upward  pressure  of  which  is  just  equal  to  the  weight  of 
theeone. 

The  upward  pressure,  &us  just  balanced  by  the  weight  '■ 
of  the  cone,  would  he  equally  balanced  if  a  cylinder'  on  the  same  base,  and  of  the  M 
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altitude  H  the  ntcr,  were  to  lunaund  tlia  cone,  ftnd  tlio  vaouit  »p»ca  to  b«  filled  with 
(he  fluid.  Thiu  if  B  £  veie  the  height  of  the  water,  and  if  a  cylinder  H  D  were  to 
BiuTOimd  the  cone,  and  the  space  H  F  C  to  be  Btled  with  irater,  the  downwird  prenure 
or  weight  of  the  water  in  this  ipace  would  replace  the  weight  of  the  cone,  lo  that  the 
equilibrium  would  remain  undiaturbed  if  tiie  oone  wera  withdrawn ;  we  hare  therefiMQ 
to  detensine  the  height  B  E  of  the  cylinder,  bo  tliat  the  weight  of  water  contaiuod 
between  it  and  the  cone  nuy  be  exactly  equal  to  the  weight  of  the  cone. 

LetAB  =  a,BC  =  i,  AE=:3;  then  the  volume  of  the  cone  AC  D  is  Jriia;  and 
thefolume  of  tlio  cone  AFO,  being  to  that  of  ACD  asiC*  too',  i>  iwH'a  .  ~:  honoe 
tlie  volume  of  water  in  the  fiiutum  F  D  ia 

volume  of  water  in  F  D  =  JitJ'it  (1  —  ^) 

weight  of  the  same        =  J«4'«  ('  ~  r,)  ^  ■  ■  ■  (1) 
the  BpeciSo  gravity  of  the  fluid  being  I. 

Alio,  if  the  cone  were  removed,  the  volume  of  water  in  the  cylinder  HD  would  be 

volume  of  water  in  cylinder  =;  irJ'(o  —  i) 

weight  of  the  Kune  ^  iri=(o  —  x)  f  ...   (2) 

Hence,  nbtmoting  (1)  from  (2)  we  have  for  the  weight  of  water  between  the 

cj'Under  and  cone,  that  ia,  for  the  upward  preuuro  of  the  water  in  the  cone  on  its  eidea, 

upward  prenun  on  cone  =  »J=f  {(■  —  «)  —  ia(l  —  5)  } 

ight  of  the  cone  be  tf ,  we  ahall  have  to  solve  the  cubic  equation 

,jV((»-«)-Wi-5)}  =" 

The  upward  pressure  of  the  fluid  compels  an  equal  pituure  downwaida  on  the  base; 
the  water  in  the  cavity  between  the  oone  and  cylinder  is  just  sufflcient  to  balmoe  the 
upward  pressure,  or  to  replace  the  resistance  of  the  sides,  the  pressure  on  Uie  base 
remaining  undisturbed ;  and  it  is  thus  that  the  base  of  the  cone  supports  not  only  the 
watjir  in  it,  but  also  an  eiaount  of  pressure  equal  to  tlie  weight  of  the  additional  water 
between  the  oone  and  cylinder. 

Jn  any  vessel  containing  fluid,  whore  all  the  itrtiaal  pretaures  are  downwards — that 
is,  where  tlie  sides  do  not  any  of  them  incline  inwards — the  sum  of  the  vertical  prsisures 
must  be  equal  to  the  weight  of  the  fluid.  For  every  vertical  line  of  particles  pressei 
downwards  tn&i  the  weight  of  those  paitlGles ;  so  that  the  whole  vertical  pressure  ia 
the  whole  weight  of  the  fluid. 

The  pressure  is,  therofora,  the  same  as  it  would  be  if  the  fluid  were  to  beoome  solid, 
and  the  sides  of  the  vessel  to  he  removed ;  aad  the  effect  is  the  same  as  if  the  entire 
pressure  or  weight  were  concentrated  in  the  centre  of  gravity.  • 

The  horizontal  pressure  at  anjt  depth  is  of  course  the  same  all  round  the  vessel  at 
that  depth,  the  prcasuM  of  every  horixontal  line  of  particles  being  equal  to  tiie  pressure 
of  a  vertical  line  of  particles  reaching  &oin  the  lurface  to  the  hwiiontal  line.  The 
downward  vortical  pressure  on  the  bottom  of  a  vessel  oan  exceed  tlte  weight  of  the  fluid 
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contained  in  the  vessel  <Hil7irbai  one  Of  more  of  iU  lideB,  or  a  portion  of  a  side,  indinei 
imrardi,  occarioning  m  upward  pmsara,  Thich  reacta  downwtirda  on  the  base,  the 
eioen  of  the  presBure  on  vhich,  above  the  weight  of  the  fluid,  is  just  equal  to  Uiis 
■dditional  pressiire ;  and  the  vertical  pressure  on  the  botluni  can  fell  short  of  the  ireight 
of  the  fluid  in  the  vessel  only  Then  a  side,  or  portion  of  a  aide,  inblines  ontward, 
ooeaaioning  a  downiraid  pressure  on  that  side.  The  whole  downward  pressnre  qn  t}ie 
odes,  togedier  with  that  aa  the  base,  makes  up  the  weight  of  the  flnid. 

Take,  for  enunple,  the  case  of  a  common  decanter :  the  preeante  at  any  pmnt  C  a 
in  tlie  direction  of  the  straight  tine  perpendicular  to  the  lurfaoe.    This  may  ho  decom- 
posed into  two  pressures,  of  iriiicb  one  C  E  is  horizontal,  and  the  other  C  F  vertical : 
Hob  last  prewnre  being  directed  upwards  in  the  Sgure,  if  the  point  C  had  been  near 
to  the  bottom,  it  would  have  been  directed  downward,  ou  account 
of  the  cnrvatura  there  being  in  a  contrary  direction.     If  we 
conceive  (he  pressure  at  every  point  of  the  interior  surface  of  the 
decanter  to  be  decompoeed  in  like  manner  iiit«  a  horiiontal  and 
vertical  pressure,  there  will  be  a  series  of  horizontal  preasures 
like  C  E,  and  a  series  of  vertical  preMnres  like  C  F.    The  hori- 
zontal components  mutually  destroy  one  another;  otherwise  the 
decanter  would  tend  to  move  horiiontally,  which  is  not  the  ease. 
Of  the  vertical  componenta,  some  are  upward  presaurea  and  the 
others  downward  pressures :  they  may,  therefore,  be  replaced  by 
a  single  vertical  f<ave,  which  wiU  aot  upward  or  downward,  acondingaatheoomponent 
vortical  fbreea  upward  or  downward  prevail.     (Statics,  p.  73.)     If  this  simple  leanltant 
pressure  act  upward,  the  pressure  on  the  bottom  of  the  decanter  will  exceed  the  w«^t 
of  the  liquid,  because  the  downward  pressure  on  the  bottom,   minut  this  upward 
preeaure,  must  be  equal  to  the  weight :  on  the  contrary,  if  the  resultant  he  a  down- 
ward pressure,  th«i  becanse  the  downward  presanre  ou  the  bottom,  pltu  thi*  other 
downward  pressnre,  is  equal  to  the  weight,  the  pressure  on  the  bottom  will  be  less  than 
the  weight. 

Fboblkk. — To  detanniae  the  resultant  of  all  the  ptessxves  of  a  fluid  upon  the 
■UT&ce  of  a  body  immersed  in  it. 

Instead  of  the  immeiaed  body  C,  eonceive  the  fluid  it  displace!  to  become  solidified : 
the  surrounding  pressures  will  keep  the  solidiflcd  fluid  at  rest,  juat  as  if  it  were  in  its 
original  state.  But  for  these  pressures,  the  mass  would  fall  downwards  in  virtue  of  its 
weight :  the  resultant  of  the  preasnres,  therefore,  just  balances  the  wei^t,  and  acta  in 
a  direction  opposite  to  that  of  gravity ;  that  is,  vertieally  upwards  through  tiie  centre 
of  gravity  of  the  mass.  And  ns  the  surrounding  fluid  eierts  the  same  pressures,  what- 
cvor  he  the  body  whoso  enrfnee  ia  pressed,  it  follows  that  the  resultant  of  the  pressures 
on  the  sur&co  of  any  solid  body  is  eqnal  in  intensity  to  the  weight  of  the  fluid  displaced 
by  it,  and  is  directed  vertically  upwards  through  the  centre  of  gravity  ot  the  fluid 
displaced. 

When  the  solid  floats  at  rest,  the  weight  of  the  fluid  displaced  is  equal  to  the  weight 
of  the  solid ;  and  the  centre  of  gravity  of  the  solid  and  that  of  the  displaced  fluid  are  in 
the  same  vertical  line. 

For  the  pleasure  of  the  fluid  on  the  portion  of  sur&ce  immereed,  and  the  weight  of 
the  solid,  are  the  only  farces  acting :  hence,  as  the  body  is  at  rest,  the  resultant  of  the 
pressure*  on  it  mnst  be  equal  and  opposite  to  the  downward  prenuro,  or  weight,  of 
the  body,  and  act  in  the  same  vertical  straight  line.     But  since,  aa  just  shown,  the 
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resultant  of  the  pnomei  (eqnal  to  tbs  weight  of  the  diiplaced  fluid)  is  directed  iqiwatds 
through  the  centre  of  grBTity  of  the  fluid  displaced,  and  Uie  w^ght  of  the  lolid  U 
ilii«cted  downwuds  thiough  the  centn  of  gravit;  of  the  solid,  It  fbUovi  that  the 
i-eeultant  of  tliB  piesnuei,  that  ii,  the  weight  of  the  fluid  displaced,  ie  equal  to  the 
weight  of  the  lolid,  ud  that  the  centres  of  graTity  of  botli  are  in  the  same  vertical  line. 
If,  instead  of  floating  on  the  suiface,  the  body  bo  kept  from  sinking  by  a  fonx,  acting 
along  a  string,  just  sufficient  to  keep  the  bod;  at  test,  the  conditioua  of  eqiiilibrium  may 
be  found  as  fallows : — 

Let  Gbclhecentioaf  gravity  of  the  body  auapeoded  in  the  9uid  by  the  string  F  A  f 
let  £  C,  G  B  be  verticaU  through  the  centre  of  gra- 
vity of  the  displaced  fluid  and  through  the  centre  of 
gravity  of  the  body.    Let  also 
Sv  =  weight  of  the  body,  and  W'  =  weight  of  fluid 

displaced . 
T  =  tensirai  of  the  string 
V  ^  Tolume  of  the  fluid  displaced 
and  D  :=  density  of  the  fluid. 

The  body  is  kept  at  rest  by  the  forces  W  = 

JyVg,  acting  in  the  direction  E  C ;  W,  acting  in  the 

direction  G  B ;  and  T,  acting  in  the  direction  F  A. 

These  three  forces  must  t^r^re  be  all  in  one 

plane;  sndTmust  be  =  W  — W.     Through  G  draw  E  G  porpendicular to  E  C,  FA; 

then  as  the  body  is  at  rest,  the  moments  of  the  forces  W,  W  to  turn  the  body  about  K 

ia  opposite  directioiw  are  equal  (Statics,  p.  60). 

.-,  W.GK=:W'.EK  =  D\'>.EK. 
Hence  the  weight  acting  over  the  pulley  A  upon  the  body  at  F  just  sofBoiect  to  keep 
the  body  &oni  sinking  is  W  —  W',  and  in  order  tliat  it  may  be  kept  &om  taming,  there 
must  be  the  condition  W ,  G£  =  W .  EK.  Should  the  body  be  lighter  than  (he 
fluid,  and  tend  to  float  instead  of  to  sink,  then  the  force  on  F  to  prevent  its  rising 
will  of  course  be  W'  —  W;  the  other  conditioil  to  prevent  turning  remaining  the 

As  noticed  at  page  163,  if  the  vessel  be  full  before  plung^g  the  body  into  the  fluid, 
the  quantity  of  the  fluid  which  the  immersion  of  the  body  causes  to  run  over  will  occs- 
tkia  no  diminution  of  the  weight  of  the  vessel  and  contents,  not  yet  any  ntodiftoation  of 
the  pressures  on  t^o  bottom  and  sides :  for  the  body  merely  Alls  the  place  of  the  balk  of 
fluid  which  its  inunersion  drives  out  of  the  vessel.  The  circumstances  as  to  the  weight 
and  pressures  are  the  same  as  if  the  fluid,  that  origiually  occupied  the  space  now  filled 
by  the  body,  had  become  solidified  while  at  rest  in  the  vesaeL  The  weight  P  in  lie 
above  diagram,  and  which  measures  the  tension  of  the  string,  measures  the  eicesa  of 
weight  in  the  body  above  the  weight  of  the  water  it  displacas. 

Tbe  Centx«  of  Preaanre. — The  pressures  of  a  Quid  against  the  diOerent  points 
of  a  plane  surface  may  be  regarded  as  a  Bystein  of  parallel  forces,  acting  perpendicular 
to  the  plane  :  the  resultant  of  these  forces  is  therefore  perpendicular  to  the  plane,  and 
the  magnitude  or  inten^ty  of  the  resultant  has  already  been  shown  (page  168)  to  be  equal 
to  a  column  of  the  fluid  whose  base  is  &e  surboe  pressed,  and  whose  altJtude  is  equal  to 
the  depth  of  Hie  centre  of  gravity  of  the  surface  before  the  level  of  the  fluid.  The 
centre  of  pressure  is  that  point  of  I^b  surface  to  which  if  a  single  force  equal  and  oppo- 
site to  the  rcaultsnt  of  the  pressures  ii;ere  applied  the  plane  would  bo  kept  at  rest. 
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Fboblbil — X"  A"^  ^^  oentra  of  preixm  of  a  fluid  cm  &  tiiangle  vbosa  bus  it 

MdEOutal  and  &t  ihe  sadaee  of  tlie  fluid. 

LetABG  be  the  triangle,  anddraw  CM  to  biKctlheliMsAB;  alviletDE,  FC 

two  lines  parallel  to  A  B,  and  dravn  so  tbat  the  diitancea  M  n,  n  G  ma;  be  equaL    Thew 

lines  being  hoiisontal  ace  imifotmlf  preoed  tbraughout,  w)  that  the  oentro  of  premnce 

each  ia  at  it£  middle  point,  and,  as  aiieadj  proved  at  page  169,  the  preuure  on  oi 

aome  m  the  presnue  on  the  other.     Consequeatlr  ve  maf  i^iid  the  exbemi 

nof  IhelinentnupieaMdbf  eqiuil  forces :  thp  nWtant  of  these  iitbei«fore  equal 

the  sum  of  both  applied  to  the  middle  point  P,  which 

point  is  eTidenlly  the  middle  point  of  C  M.  ^  m        

Whatever  two  lines  be  t«kon  eqtndiatant  ftwn  M      V  j 

and  C,  tha  point  of  spplioftlion  P  of  the  rasnltoat  teioBias       \ I ,' 

the  same ;  and  as  the  whole  pressure  on  the  triangle  \  "*  / 

may  be  regarded  ss  made  up  of  all  these  linear  pnu-  \  !  / 

■ores,  it  follows  that  the  resultant  pnesure  must  pass  \      P  1  '' 

Ihronght  F,  wbiohiathereforethe  oentzeof  pressure  on  \        |         / 

the  triangle.  \      I      / 

Probleh. — To  find  the  centre  of  prassure  of  a  fluid  j    \-S /^ 

a.  B  paivUelogtam,  one  of  whoso  sides  ooiacidos  with  \  '  / 

the  Bur£u%  of  the  fluid. 

Let  A  C  be  the  parailelognun,  and  draw  E  F  bisect-  ^ 

ing  the  opposite  siiieB  D  C,  A  B.  The  oentre  of  pressoM  is  neoustrily  in  E  F,  aa 
pressures  on  eaeh  aide  of  it  are  equaL  Draw  E  A,  E  B,  aa  also  horiiontal  lines 
H  J,  £  L,  &c.  Then  the  pnasure  on  Mie  of  th 
c  Unei,  aa  H  J,  is  to  tho  pressure  onABsiEDtoE 
that  is,  as  m  » to  A  B.  Hence  repreaenting  the  pi 
sure  on  A  B  by  the  line  A  B,  the  lines  mn,p  g,  i 
will  correctly  repreMDt  the presaurM  on  HJ,  KIi,&c, 
Consequently  if  the  fluid  were  all  removed,  and  a 
pressure  aqual  to  that  originally  on  A  B  be  applied 
to  that  line,  and  also  a  pressure  to  erery  line  ; 
m  n,  &c.,  in  the  triangle,  the  pressures  being  always 
proportional  to  the  lengths  of  those  parallels,  the  parallelogram  in  which  the  pressed 
angle  is  iascribed  will  still  be  at  rest.  But  the  resultant  of  all  the  [sessures,  thus 
uniformly  diffdsed  over  the  triangle,  must  pass  through  the  oeittre  of  gravity  of  the 
triangle.  Hence  the  centre  of  gravity  of  tho  triangle  is  the  centre  of  jaessuro  of 
~  lid  on  the  parallelogram ;  and  consequently  the  centre  of  pressure  on  the  parallelognun, 
tc  of  whose  sides  is  at  the  surface  of  the  fluid,  is  on  the  bisecting  line  E  F,  and  at  a 
depth  equal  t«  two-thirds  the  depth  of  the  opposite  or  lowest  side  of  the  parallelogram. 
Agun  :  suppose  the  upper  side  of  the  parallelogram  to  be  below  the  sur&ce  of  the  fluid 
but  parallel  to  it,  let  H  J,  for  instance,  be  tha  upper  aide  of  the  parallelogram,  and  D  C 
the  Burfsce  of  the  fluid.  Then,  as  shown  above,  the  piessore  oathbparalldogram  H  C 
may  be  replaced  by  a  pressure  unifininly  diffused  over  the  triangle  Emn;  and  the 
pressure  on  the  parallelogram  A  C,  bj  the  extenuon  of  the  pressure  on  E  m  «  uniformly 
ir  the  triangle  £  A  B :  hence  the  pressure  on  the  parallelognun  A  J  may  be  replaced 
by  a  pressure  uniformly  spread  over  the  trapezioio  A  n  n  B.  Consequently  the  ce 
of  pressure  of  the  parallelogram  A  J  is  the  centie  of  gravity  of  the  trapeaium  A  in  n 

a  the  first  case,  when  the  upper  aide  of  the  parallelogram  ia  at  the  siir&ce  of 
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fteflnid,  tfaso«i(i»  of  tltB  pnmira  ii  always  on  the  Buue  line  E  F,  and  U  the  same 
depth,  howeveT  close  the  middle  point  E  ia  to  the  exbemilaeg  D,  C — that  ia,  howrer 
rieoder  the  panllelogntm  mar  ^o — it  foUDwa  that  tiie  centra  of  presmre  or  a  Btnight 
line  E  P,  hsring  one  extnnnitj  at  the  anrfiice  of  tbe  fluid,  ia  at  f rdl  (he  length  of  S  F 
belmr  E.  The  oantn  of  pressure  being  thu  point  about  which  all  the  presaing  (broei 
Mance,  it  is  evidently  the  point  moat  in  n«ed  of  rapport,  or  where  the  opposing  foree 
riMold  be  more  etpeeiaUy  applied  to  resitt  the  pressnre  of  the  fluid  eu  tbe  sdrfiuw,  and 
thni  to  pierent  nptare.  the  stSTel  of  Tats  and  casks,  which  may  be  regarded  aa  so 
many  rectao^es,  thonld  be  each  more  efpecially  strengthmed  at  <ae-fliiid  of  their 
lengths  from  the  bottom. 

lycMc  ChaTltiM  vt  Bodiaa. — When  bodiea  are  eompaiwd  together,  haying 
the  aama  specific  gravity,  any  Tidnrae  of  one  must  of  eourae  hare  the  same  weight  aa  an 
equal  Tolome  of  each  of  the  others,  bo  that  the  weights  of  such  bodies  ara  to  one 
another  as  their  voluineB.  The  vaUnne  of  any  inegular  body  may  be  asoeitained  by  the 
bulk  of  water  it  diqilaoes  by  being  immersed  (though  more  oonveniently  from  its  wef ^it 
and  Epedfio  gravity);  or,  fbrthepurpoaeof  comparingdiferentvidiimea,  wemBymerdy- 
obaerTe  the  height  to  which  the  water  rises  in  the  two  cases  in  a  cylindneid  vesssl, 
iqion  the  iouneiaion  of  the  bodies.    The  following  is  sn  example. 

Examfie. — k  maia  of  gold  immersed  in  ■  cylinder  containing  water,  mused  the  sur- 

fkoe  to  rise  a  inchei ;  a  mass  of  silver  of  (he  same  weight  caused  it  to  rise  h  inchei ;  and 

masa  still  of  die  same  weight,  but  composed  of  gtdd  and  sUrer,  eanwd  it  to  rise 


Let  : 


What  was  the  propixtion  of  gold  and  silver  in  the  compound  m 
be  tbe  rtriume  of  the  gold,  and  ^  that  of  tbe  cilveri  Aen  ai  the  voli 
m  as  the  deraticDi  of  the  surfbce  cauaed  by  the  immrarmons,  we  have 
t  :  a  ::  X  -if  y  ■  -  {x  ■\-  y)  the  volume  of  the  mass  of  gold 


c  :  i  : ;  «  +  y  :  -  («  +  y)        ,.         „         „         „       silver. 
The  wdghts  of  these  masses  being  equal,  let  W  be  the  weight  of  each ;  then  the 
weights  being  as  the  volumes  when  the  apediSc  gravities  urc  the  aamc. 


-  the  weight  of  gold  in  tie  compound 
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.:  {be  —  ab)x  =  {i^—  ac)  y 

.■.«:y  ::«(*-0   :   J  ("  ~  ") 

It  li  probnble  that  in  some  such  way  as  this  ArcMmedea  aolvcd  the  problem  pro- 

po«d  to  him  by  Eiem,  King  of  Syracnse,  who  Imving  ordered  a  crown  of  gold  to  be 

made,  inspected  that  the  crown  furaished  to  him  was  a  miifrire  of  gold  and  ailver,  and 

widled  the  troth  to  bo  ascertained  without  injuring  the  workmanship. 

As  the  weight  of  one  Tolume  Is  to  that  of  another  of  diffirent  speciHo  gravity  as  the 
product  of  volume  and  spedfio  gravity  of  the  fiirmer  to  the  product  of  volume  aitd 
speciflo  gravity  of  tbe  latter;   therefore,  if  S,  S'  represent  tho   spoidfio  gmvity  of 
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gold  and  silver  reapectivel;,  the  veighia  of  x  and  y  will  be  the  oae  to  tlie  other  as  Ss  to 
S'y ;  ^erelbre,  by  the  fbrcgoing  proportion, 

urtofthegoUCa:):  wt  of  theMlver  [s)  : :  a  (i  — e)  S  :  i  (*  — o)  ff 


Comequmitly  thsTsightof  the  ooDipoiindii  i 

f^i=i'     1+  l|  XTt.  of  the  silver  =  -W. 

,■-  theire^tof  flMailTerinthaeompoimdiB'W-T-  K  i  ^   ^  "  S^"^  ^! 

Fboblbk. — Having  given  the  volumes  and  specifli;  gravitdea,  or  the  woighta  and 
ipecifiu  gravities  of  several  bodies,  to  find  the  BpeciGc  gravity  of  the  compound. 

1.  Let  the  toIuhim  Y,,  T],  V^  &c.,  be  given  with  Qie  specilio  gravities  8j,  3,,  ! 
G. ;  and  let  S  be  the  speoifiD  gravity  of  the  oootpound ;  then  since  W  ^  SYg,  we  have 

for  the  weight  of  V,  +  V,  +  Vj  +  &o, 

(8.V,  +  S,V,  +  S,y.  +  &e.)? 
=  S(7.  +  T,  +  T,  +  &c.)? 

■■^ V,  +  V,  +  V,4.&c. 

2.  Let  the  weights  'W,,  Wo  W^  Ac,  with  the  apecifio  gravities  8,,  S*,  8„  &e.  be 

given,  S  being  the  speciflo  gravity  of  the  compound  aa  before :  then  since  V  =  g~,  i 

Of 
have  for  the  vdume  of  Wj  +  W,  +  W,  +  ka. 

Wi  .  W,  ,  W,  ,   . 

■Vri  +  Wa  +  Wi  +  &e. 

n  _        (Wi  +  W,  4-  -W,  +  &c.)  S,  S,  S,  fa. 

■  ■"—■»■,  s,  fl,  Ac.  '4.%;'  a;  s;'&i.  +  w,  s,  s,  ic. 

If  m  equal  volumes  are  mixed,  the  speciflo  gravity  of  the  oompound  is 

g-S,  +  8,  +  3,  +  &0. 

If  m  e^ual  weights  are  mixed,  the  apedflc  gravity  of  the  oompound  is 

a—  wSi  S, 3, S, 

S,  8,  . . .  S.-1  +  S,  S,  . . .  S„  +  &o. 
TVlien  thera  are  only  two  bodies  to  bo  compounded,   then  for  equal  volume*, 
^  -!-3- — Xi  ""d  f™"  equal  weights,  „     '  '   ,  tiie  former  value  being  an  arithmetic 
and  the  latter  sn  harmonic  mean  between  the  specific  gravities  of  ijie  two  aubatancee. 

Pboblem. — To  determine  the  volume  of  any  subatance,  however  irregular,  of  known 
specific  gravity. 

Let  8  be  ita  speciflo  gravity,  and  W  its  weight  in  ounces,  thes  sinoe 

W  =  ST^ .-.  T  =  iooJ^^  oubic  feet. 

Id  a  similar  way  may  the  edacity  of  an  irregular  vessel  be  ascertained.    Let  the 

w^ht  of  the  water  that  will  flll  the  vessel  be  te  ounces,  then  the  capacity  oi  volumo  of 

vessel  will  be  — ~  cubic  feet.    If  the  result  is  to  be  in  cubic  inches  instead  ol 
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cubio  feet,  the  diTuor  lODD  mutt  1m  repUiied  by  the  multiplior  1-71S,  I>ectiue  -11^ 
;=  1-T2S :  K>  that  w  beiiig  the  number  of  the  ftroirdapi^  oimoes  in  the  -wnght,  the 
volume  or  eaptcitf  mil  he  T  ^  1728 -g-  caUo  inches. 

Should  Iff  be  the  number  of  troy,  iiutesd  of  the  number  of  sToiidapoii  onueei,  then 
1  oz.  troy  :  1  ox.  nrturdupoU  : :  480  ;  137'fi 
.■.  I  01,  avoirdupou^-j^jj-oB,  troy  ^  -91UI8as,  tiof 

„         1-728   «     .,   .    ,  1         •»,... 

■"■^=-9mr8  8  ="'■"=  "^^  =  ^62746  ■  g^bicmch*. 
The  dineor  -fi271B  ia  the  troy  veight  in  or.  of  a  onhio  inch  of  water,  ai  it  obriooB : — 
iti>  the  value  otur  when  Y=  land  S  =  I.    The  troy  weight  of  a  cubio  ineh  of  water 
in  grsint  u  2531808  graini. 

It  if  in  general  eancr  to  ascertain  the  weight  of  a  minute  body  than  to  meanre 
accurately  ita  dimenriona ;  and  thua  the  following  ii  the  method  umally  reotnumended 
for  finding  the  diameter  of  a  amall  aphere  of  known  apeciGc  gravity  and  aacertaiiied 
weight  in  gratni  troy.  Let  d  be  the  «mall  diameter  md  w  the  ireight  in  giuna  tro] 
the  aphere,  and  S  the  specific  gravity  of  the  lubitancc  of  which  it  is  foimed ;  then  the 
volume  of  a  sphere  whose  diameter  is  1  inch  being  'fiSSfiSS  inchea,  we  have  for  the  tniy 
weight  of  an  equal  sphere  of  water, 

1  :  -623698  ::  253 '1808  grains  :  131' SOU  grains, 
the  -weight  of  a  sphere  of  water  of  1  inch  in  diameter. 

Now  the  volumes,  and  therefore  the  weights,  of  spheres  of  the  sane  nbatanetf  being 
a*  the  cubes  of  their  diameters,  we  have 

1' :  rf' : ;  132'6648  gnuna  :  i32-6«48<P  giidni, 
the  weight  of  the  small  sphere  of  water  of  dismeter  d;  tJierefbre  &g  weight  u  of  the 
proposed  sphero  is 

w  =:  132-SM8iP.  8  gntins  .'.<f  =  '19et3  J^ 
the  number  of  grains  being  put  for  ir. 

When  a  body  is  wholly  immersed  in  a  fluid,  the  weight  lost  is  to  the  whole  wdgbt 
as  file  speoiflc  gravity  (S]  of  the  fluid  to  the  apeoifio  gravity  (S']  of  the  solid. 

The  weight  lost  ia  the  weights  of  the  displeeed  fluid  [p^e  174) ;  and,  from  the 
general  relation  W  ^  SVg,  the  weight  of  bodies  of  the  same  volume  are  as  their  apecifio 
grsvilieai  therefore, -wt  of  displaced  fluid  :  wt  of  solid  ::  8  -  S* 

that  is,  wt.  lost  :  whoU  wt  : ;  8  :  S' .  .  .  (1) 
If  the  same  body  be  immeroed  in  another  fluid  whose  specific  gravity  is  S,,  then. 
wt  lost  :  whole  wt  : ;  Bi  ;  S' .  .  .  (2) 
The  second  and  fourth  terms  being  the  same  in  the  proportions  (1)  (2),  it  follows  that 
the  weights  lost  in  the  two  ftuida  are  as  the  specific  gravities  of  those  fluids ;  and  hence 
'may  be  ascertained  the  speciflc  gmiity  of  any  fluid  (obtainable  in  sufflcient  qnant' 
for  the  eiperiment),  vheu  the  specific  gravity  of  any  other  fluid  is  known. 

Also,  the  true  weight  of  a  body  may  be  readily  d^ermined,  &om  knowing  what  it 
weighs  in  each  of  two  fluids  of  known  speoiflo  gravities;  fbi' let  W  be  the  true  wei^t, 
and  tc,  vf  the  weights  in  two  fluids  whose  qiecific  gravities  are  5,  S' :  then  the  weights 
lost  are  W  —  a  and  W  —  v/  respectively. 
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,-.  w—w.-w—i^-.-.s-.b: 

.-.  STV  —  8'w  =  8  W  —  8W. 
.-.  (S'  — 8)W  =  8'w  — 8w'. 

•■■  ^—  -|^^^-,  truoweiglitofaiebodjr. 
Ind  flini,  froin  htTing  tbe  trne  iralglit  of  the  body,  ind  the  weight  lost  in  ona  of 
the  fluids,  we  msy,  bj  the  proportdon  (I)  above,  find  also  the  ipeoiflo  glavity  of  tiia 
body. 

By  th«  tnie  or  abscdute  weight  of  ft  body  is  to  be  usdentood  tiw  vrigbt  of  it  in  a 

xeuam.  that  ii,  Iree  from  the  preeenoe  of  erea  the  air:  tile  ftbiidnte  *«i|^t,  therefim, 

equal  to  the  weight  of  the  body  in  air,  increaied  by  the  abaolnte  weight  of  a  volume 

nf  air  equal  to  that  of  the  body;  bat  for  bodici  of  imall  Tolume  tliia  minute  inciMW  ii 

iiwppteeiaUe. 

Bxamplt  I. — Apiece  of  imifbnn  anbitance,  whose  tnie  weight  ia  64  grains,  is  finmd 
0  weigh  only  4B  grauis  when  immersed  in  distilled  water :  requiied  the  ipeoiflo 
gmlity  (S)  of  the  substanee. 

The  weight  lost  ia  64  —  48  ^  16  grdns, 

.-.  16  :  84  : :  I  (speciflo  gravity  of  water)  :  4. 
Hence  the  spedfio  gravity  of  the  body  ie  8  =  4. 

2.  A  body  weigh*  130  gnins  in  one  fluid,  and  68  in  anotheri  bat  tiie  tnie  weight 
of  the  body  is  240  grains:  required  the  relatJTe  specific  gnvitiea  of  the  tvD  fluids. 
The  weights  lost  are  110  .grains  and  172  grains,  and  (page  178)  th««e  are  ss 
spedflo  gtavitiei  of  the  fluids. 

■■  S'-m'^'^-m^- 
if  ona  of  the  fluids  be  air  tn  which  the  body  is  weighed,  and  the  other  water  of 
specific  gravity  1,  then  kaowiog  the  ipocific  gravity  8  of  the  air,  wc  have  for  the  real 
weight  W  of  the  body,  that  is,  for  its  weight  in  vacuo, 

W  =  ^~'^  =  a -p  {,0  —  „■)  S  +  {ic  —  vf)  8»  +  &e. 
=  w  4-  (w  —  (oO  8  very  nearly, 

beeanse  8  being  a  smnll  fraction,  3'  is  an  equally  small  faction  of  it. 

The  scales  used  in  weighing  bodies  tor  the  purpose  of  osceitainjog  tpeciftc  gravitiea 

lire  called  the  hyirottatic  balance.     The  bod;  to  be 

weighed  is  suspended  by  a  Bne  tbread  from  one  of 

the  scale-pana,  and  immersed,  as  in  the  margin  \ 

and  when  the  weights   in  the    other   scale-paa 

bring  the  scale-beam  into  a  horiEOntal  position, 

the  weight  of  the  body  in  tie  fluid  will  be  deter- 
But  in  wiut  has  preceded,  the  solid  is  supposed 

«  be  heavier  than  an  equal  volnme  of  the  flnid  in 

which  it  is  immersed ;  when  it  is  lifter  t^an  the 

fluid,  the  method  of  proMeding  is  thie ;- — 

Take  a  body  suffioiently  heavy  to  sink  the  lighter  body  with  it,  when  both  are 

united  and  immened  together  in  the  Sold.    Find  the  weight,  in  the  flnid,  of  the  heavier 

body  by  itself ;  then  the  weight,  in  the  fluid,  of  the  united  mass:  this  latter  wei^t 
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will  obrioosljr  be  lea  than  the  fomior ;  as  the  lighter  hadj  diipkcn  more  than  ita  ovn 
ireiKht  of  inter,  the  difference  will  shoir  how  tmui  now.  Coll  thii  diSerenoe  between 
the  two  wei^ta  «>',  and  the  true  weight  of  the  lighter  body  u>,  then  the  weight  of  the 
fluid  diiplaced  hj  the  lighter  body  will  be  u  -^  ut'.  Consequently,  tii-\'Uf  \  >e  :'■  S 
(■pedGc  gravity  of  fluid)  :  S'  (spedfio  gravity  of  the  aolid] . 

...8'  =  S— ^ 
«  +  «/ 

The  weight  vf,  by  which  the  weight  of  the  displaced  Said  eieeeda  that  ot&B  body, 
eipreisea  the  iutyancy  of  the  body,  or  the  apwaid  presBOie  upon  it,  in  virtae  of  which 
it  would  begin  to  ascend  if  left  to  itself. 

If  the  ipecific  gruTity  of  a  body  in  the  form  of  powder  ia  to  be  found,  the  preceding 
method  may  »t^  be  employed :  the  powder  ma;  be  imbedded  in  wax,  or  some  aneh 
yielding  materisl,  sufficiently  heavy  to  cause  the  compound  to  aink  in  the  flnid ;  the 
weight  in  the  fluid  of  the  wax  by  itadf  being  found,  and  thea  the  weight  ia  the  fluid 
of  the  cmtponnd,  the  specific  gravity  of  the  powder,  previoudy  weighed  in  va<:ao,  will 
be  given  by  the  forgoing  fonnula. 

PaoBLni. — If  in  two  fluids  which  do  not  mii  a  solid  he  immened,  and  rest  pCrtly 
in  one  fluid  and  partly  in  the  other,  to  find  the  ratio  of  the  two  parta  when  the  ipeeifle 
gnvities  of  the  solid  and  the  fluids  are  known. 

Let  T'  bo  the  vdume  immeraed  in  the  lower  at  heavier  fluid,  and  V  the  volomo 
immersed  in  the  upper  or  lighter  fluid ;  then  from  the  ocmdiUc«]  W  =  YS;  we  neoes- 
sarilyhave 

,      VS  +  V'S'  =  CV  +  V7S", 

where  S',  S  are  the  specific  gravities  of  the  two  fluids,  and  6"  the  specific  gravity  of  the 

.-.  TCS  —  S-O  =  T'(S"  -  S')     .'.  ^  =  ^^s-"  ^  """■ 
Hencci  adding  1  to  each  side, 

Y  +  V  _  3~B- 

V'       —  8  —  S" 

If  the  aolid  float  on  one  fluid,  then  in  these  results  S  =:  0,  that  is,  the  upper  portion 


V  of  the  body  is  in  vacuo;  therefore  ^,  ^  — ^, —  ■    Also 


V  +  Y  _  S- 


Coaseqacatly,  if  a  body  float  on  a  fluid  in  vacuo,  and  then  the  air  ot  any  other 
lighter  fluid  be  admitted,  the  body  will  rise,  and  leave  a  less  portion  of  it  immeraed  in 
the  original  fluid.  Also,  if  a  body  float  on  a  fluid,  the  part  immcned  Y'  is  to  the  whole 
body  V  4"  T  aa  the  specific  gravity  8"  of  the  body  to  the  specific  gravity  S'  of  the 
fiuid. 

CoBseqaently  if  the  body  float  upon  a  second  fluid  of  specific  gravity  3^,  and  if  Yi 
be  the  part  of  the  body  immersed,  then  wc  have  the  two  proportioua 
V  +  V 


That  i^  the  part«  of  the  body  immersed,  or  the  volnmea  of  the  fluids  di^laced,  arc 
inversely  aa  tho  speotflo  gravities  of  those  fluids.  Upon  this  prinoiple  the  jnatnunent 
called  the  hydrometer,  for  meaauring  the  speciflo  gravitiea  of  difletent  Uquida,  is  oon- 
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The  HyJrowwtW. — There  are  leTCrsl  modifications  of  thii  useM  uutrameut: 
in  its  umplest  fono,  the  hydrometer  coniists  of  two  kallov 
BphereB,  luually  of  gltua — a  hagev,  and  amaller  oae  belav  it,  oom- 
mmiiaiting  with  each  other.  Into  the  lairar  t^usre  mercury  or 
small  ahot  ii  introdnoed,  in  order  that  the  ipbcrag  ma;  eiak  in 
the  liquid.  From  the  upper  sphere  rim  a  cylindrical  item,  the 
avM  of -which  ia  in  the  straight  line  through  the  centres  of  gra-rity 
of  the  spheres;  so  that  when  the  iMtrument  rests  in  the  fluid, 
he  stem  may  be  vertioaL  Lot  the  instrument  be  placed  in 
rater,  the  stem  will  (ink  to  aoma  point  A ;  let  it  then  be  placed 
a  a  liquid  L  that  will  came  the  sl«m  to  unk  to  B  ;  tiiea,  b;  *■ 
the  above-mentioned  proposition,  the  ^ecifio  gravity  of  L  is  to 
thatof  watM-(l),  as  thevolame  or  magnitude  of  the  body  A  C, 
to  the  v<diime  or  magnitude  of  B  C. 

.  „  , .       volume  of  AC      volume  of  (DC  —  DA) 

.  specific  gravity  of  L_  ^^^^^  ^,  g^  _  ^^j^^  ^^  ^j^  _  j,gj 

The  whole  volume  of  the  instrument — thnt  is,  the  volume  of  wator  it  would  displace 
if  wholly  immencd  in  it— is  regarded  as  oonsistiiig  of  4,000  piirta,  and  the  stem  is 
divided  so  that  each  division  is  one  of  thoso  parts.  Suppose  the  stem  to  oontain  60  of  the 
parts,  numbervd  fh>m  D  doivawards,  and  that  it  sinks  to  30  in  one  liquid  L,,  and  to 
20  in  another  liquid  L, :  then 

Specilic  gravity  of  Li  _  4000  —  20  _  3880 
Specific  gravity  of  L,  ~~  4000  —  30  ~  3970 
And  in  this  way  are  the  specific  gravities  of  different  liquids  compared. 

Xidulaon'i  Hrdioautex. — This  difiers  &om  the  common  hydiomelor  chiefly 
in  having  a  dish  at  each  end,  and  in  serving  fbr  nie«suring  the  qiewGc  graTities 
of  solids  as  well  as  fluids.  The  stem  in  this  instrument  is  a  slender  wire 
of  hardened  steel ;  and  the  adjustment  is  suuh  that  when  a  given  weight 
— 1000  grains  fur  instance — is  placed  in  the  upper  dish  A,  the  instrument 
will  sink,  in  distilled  vater  at  the  temperature  of  60°  Fah.,  to  the  point  P 
in  the  middle  of  the  stem.    It  is  usod  as  follows : — 

To  (hmpart  the  Sptcific  Oracitici  of  Tu>o  liquids  L,  L'.— Let  W  be  the 
weight  of  the  hydromtler,  to  the  weight  which  must  bo  placed  in  the  dish  A 
to  sink  the  instrument  to  the  point  P  in  the  liquid  L,  u7,  the  Weight  which 
Duist  be  placed  in  A  to  sink  the  iustrumcHt  to  P  in  the  liquid  L' :  then 
^/M  weight  of  the  volume  of  L  di^laced  ^  W -|- d 

/Tv  weight  of  same'voluma  of  L'  displaced^  W  -^  w^ 

^J^  gpenific  gravity  of  L W  +  w 

specific  gravity  of  L'      W  +  iP,' 

Tojhd  the  SpeeiJSc  Gravity  of  a  Solid.— Let  m  be  the  weight  which  placed  in  the 

diah  A  causes  tho  instrument  to  sink  to  F  in  the  water.    Place  the  solid  to  t>e  examined, 

a  fragment  of  it,  in  A,  and  let  vf  be  the  weight  to  be  added  to  sink  the  instrument  lo 

Then  remjlve  the  solid  to  the  lower  dish  B,  and  let  w"  be  the  additional  weight  to 

be  add«d  to  the  upper  dish  to  sink  the  instrumont  to  P. 

It  is  plain  that  the  weight  of  the  solid  in  air,  in  A  =:io  —vf 

and  that  its  weight  in  water,  in  B  ^  ui  —  w" 

Hence  the  weight  of  water  displaced  by  tho  solid  ^  w"  —  ic' 
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:  epecific  gravity  of  the  lolid,  the  spccafic 


tpneific  gravity  of  the  joUd 

■pecifio  gntvity  of  water 
gravity  of  Water  traii^  1. 

Or,  without  placing  any  sdditjonal  weight  in  the  upper  diah,  ohaerve  to  what  depth 
the  xolid  alone  aiuka  the  initnmeat  in  vater ;  then  remove  the  lolid  to  the  lower  digb, 
Bad  BomeodditioTiid  weight  ID  wi]]  be  occessaryto  aiiiktheiiutnimeiittoM^aMMd^lhj 
so  that,  CBllmg  the  weight  of  the  atdid  W,  we  ihall  have 

specific  gravity  of  the  solid  ^  — . 

The  woi^t  W  of  the  solid  under  eiaminntion  is  readily  atcertained  by  Anding  what 
weight  supplying  its  place  in  the  upper  diah  will  sink  the  instmment  to  the  same  depth. 

It  is  evident  that  the  instrument  becomes  more  sensitiTe  the  alenderer  the  win 
stem  be  made.  If  an  additional  small  weight — a  grain  for  instance — be  ^daeed  in  thu 
diah  A,  an  additional  grain  weight  of  thu  liquid  must  be  dii^ilaeed  by  tlie  sinking  of  a 
Buitalile  additional  length  of  the  Btem )  aotliattha  finer  ChJaatemisthegreatermuatthe 
additjonalleugth  be.  The  diuncterof  the  stem  lain  genoral^tth  of  an  inch;  and  the 
instrument  will  liso  or  fall  nearly  one  inch  by  tbe  abstraction  or  addiCioil  of  -fs^  of  a 
giaia.    For  the  weight  of  a  cubic  inch  of  water  is  253-1808  grains  tioy;  and  thereforu 

the  volume  of  i^th  of  a  grain  is  .;■,      „■     of  a  cubic  inch.    Nowdtearetiof  t 

785* 


in  of  the  w 


"40" 


2Sai*IJ0S 
X  -7864  = 


,,  and  if  the  volume  due  to  -^Oi  of  a 


1 
2S3I-S08' 


be  divided  by  this  area,  the  quotient  will  bo  about  ^ths  of  a: 


grain,  namely 

inch,  for  the  length  of  wire  that  will  rise  or  fUl  in  water  when  the  weight  diffen  by 
A th  of  a  grain.     In  a  liquid  lighter  than  water  the  Unglh  will  of  course  be  greater. 

The  hydrometer  is  the  instrument  used  by  officers  of  tiie  Excise  to  aaoertein  the 
strength  of  spirituous  liquors,  or  in  what  degree  they  are  above  or  below  proof.  Proof- 
spirits  conaiat  of  half  alcohol,  or  pure  apirit,  and  half  water ;  when  placed  io  this  mix- 
Aire,  the  exciseman's  hydrometer  ginka  t«  the  point  marked  proof  upon  the  acalo ;  if  the 
liquor  be  below  proof,  or  have  more  than  half  water,  the  instrument  will  aot  sink  so  far 
as  proof ;  and  if  it  be  above  proof,  it  will  sink  further,  and  the  surface  of  the  liquor  will 
stand  abate  proof. 

But  in  all  determinations  of  specific  gravity  account  mnit  be  taken  of  ^  tempeni- 
ture  of  the  substance  at  the  time  of  the  experiment ;  all  bodies  expand  by  heat,  and 
thcrefOTB  become  speciflcally  lighter.  Spirits  more  especially  are  sueocptible  of  this  in- 
crease of  volume  by  Jncreiae  of  temperature ;  a  cubic  inch  of  brandy,  for  inetanoe,  will 
weigh  about  tea  grains  more  in  winter  than  in  aummer,  imleM  the  change  of  tempera- 
ture is  obviated  by  artificial  me«ni.  It  is  neoessary,  therefore,  in  measuring  the  specific 
gravity  of  a  liquid  to  notice  to  what  extent  the  temperature  of  it  differa  from  the  ataa- 
dard  temperature  of  60°  Fahrenheit ;  and  then,  from  knowing  by  previous  eqwriment 
the  amount  of  expansion  or  contraction  of  the  liquid  for  different  degrees  of  temperature, 
to  reduce  the  specific  gravity  to  what  it  would  be  at  the  temperature  of  60°. 

We  shall  now  give  a  few  examplea  in  practical  illustration  of  the  preceding  articles 
on  speciSc  gravity. 

Kcataplei:  1.  If  a  piece  of  stooe  weigh  101b,  in  air,  and  only  6|  lb.  invat^,  re- 
quired the  specific  gravity  of  the  stone.— Ans.  3077. 

2,  A^eoeof  elm  weighs  IS  lb.  in  air,  and  a  piece  of  copper  weighing  181b.  in  air 
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d  ISlb.  in  water  U  affixed  to  it;  the  oompouod  weighs  61b.  imrater;  rsqoired  the 
■pecific  gravity  of  the  elm. — Ana.  6. 

3.  A  piece  of  cut-iron,  of  ^eciflo  gravity  7'12S,  weighed  40  oudmi  iaair,  andSf 
ooncea  in  a  fluid :  required  the  ipeciGc  gravity  of  the  fluid. —  Ane.  1. 

i,  Bequired  the  number  of  ouhie  ioohes  in  a  block  of  itooe  of  specific  gravity  S'52, 
'bioh  waigha  1  crt.— Ana.  1328}  nearly. 
6.  A  compoaition  of  1  cvt  oooaiBta  of  tin  of  qtecifio  gravity  7'32,  and  of  copper 
of  ipeoifio  gravity  9 ;  the  apeciflc  gravity  of  the  compoeition  is  8'7S1 :  required  the 
qnantitiea  of  tin  and  copper  in  the  miituie.  —  Ani.  1001b.  of  copper  and  121b. 
ttin. 

6.  The  dimenmoDs  of  one  of  the  marble  etonei  in  the  valla  of  Balbeck  are,  lengUi 
63  feet,  and  breadth  and  thichuees  each  12  feet;  the  specific  gravity  of  the  alone  ii  2'7: 
nquiied  the  weiglit  of  the  block,— Ana,  683  j^  tons  neaily. 

7.  A  Bolid  weighing  250  groins  in  air,  neighs  147  grojas  in  one  fiuid,  and  120  in 
another:  what  is  the  ratio  of  the  speciflc  gravities  of  the  fluidaP — Ans.  As  103  to  li 

S.  A  cubical  iceberg  ia  100  feet  above  the  level  of  the  aea,  the  sides  of  it  being  vei^ 
ic«l:  given  the  apeoifio  gravity  of  >ea-water  l'02a3,  and  of  the  ice '9211:  reqoiicdthe 
BOinber  of  oubio  feet  in  the  niau.— Ana.  9363024^2  cubic  feet 

9.  The  weight  of  a  common  hydrometer  is  equal  to  that  of  a  volume  v  of  water ; 
the  port  to  which  the  stem  is  mttached  wetgha  a  volume  </  of  water ;  the  rodius  of  the 

aisr;  and  the  speoifle  gnvity  of  a  liquid,  in  which  the  iostnuneut  ia  immersed,  ia  j : 
required  the  lengUi  I  of  stem  immened  when  in  eqoililmo. 

Ana.f='-/'. 

For  a  deacriptton  of  cettain  malioda  of  taking  apccific  gravitiea  with  extntme  aocn- 
iscy,  the  student  may  consult  the  ELBHEirTAnT  Chbhistht,  p.  5, 

B^sUlteln^  of  m  XlokUns  Body. — In  order  that  a  body  may  float  on  a 
Uqnid  and  mmain  at  rest,  two  conditions  ore  Decenary  : 

1.  The  weight  of  the  body  must  be  less  than  the  weight  of  a  volume  of  fhe  fluid  of 
same  bulk  as  the  body ;  it  must  be  equal  to  the  weight  of  the  volume  displaced  by 

that  portion  of  the  bulk  whiuh  is  immersed  in  it 

2.  The  centre  of  gnvity  of  the  body  and  the  centre  of  gravity  of  the  fluid  displaced 
by  the  partial  immersion,  must  both  b«  situated  in  the  eome  vertical  straight  lino  (p.  173), 

These  are  the  tmly  conditions  necessary  to  secure  the  equilibrium  of  the  floating 
body.    If  either  of  them  be  wanting,  the 
body  (though  it  may  not  mnk)  will  move, 
and  can  come  to  a  state  of  rest  only  when 
these  two  conditions  are  secured. 

Suppose,  tor  instance,  a  body  floating 
at  rest  on  the  water,  aa  in  the  first  of  the 
annexed  figures,  the  centres  of  gravity 
of  the  body  and  of  the  displaced  fluid 
being  in  the  same  vertical  line,  to  be 
disturbed  from  its  position,  as  in  the 
second  figure.  The  fluid  displaced  then 
becomes  changed  in  form  and  situation, 
though  not  in  volume ;  its  oentre  of  gra- 
vity has  ^lifted,  and  is  no  longer  in  the  same  vertical  with  the  oentre  of  gravity  of  the 
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body.  The  body,  therefore,  is  now  acted  upon  by  two  fbroea  tending  to  turn  it  round 
into  tbe  position  from  which  it  hu  been  disturbed ;  namely,  the  force  dne  to  the  Tei^ht 
of  thebodyaetinKdoirnwerdi  throogh  Q,  uidthefbrM  doe  to  the  prennra  of  the  dis- 
placed floid  uting  upwtutU  tbiongh  G'. 

When  a  body  thui  slighdy  disturbed  tends,  m  in  this  ease)  to  return  to  its  original 
poaitian  of  equilibrium,  that  position  is  said  to  be  one  of  ilahli  tyiuliiriiim,  in  Tefereooe 
to  Uie  distorbanoe  in  question.  If  the  disturbance  were  to  act  rerticaUy  on  the  body 
thMii(^  its  centre  of  grsTity,  and  therefore  tending  eitheT  to  depress  the  body  lowsr  in 
the  flnid  or  to  nuse  it  further  out ;  in  the  former  case  the  additional  nprard  pressure, 
and  in  the  Utter  (he  additional  downward  weighty  weald  bring  the  body  into  its  original 
state  of  reet,  the  equilibrium  being  always  sUble  in  refoenee  to  diitnrbanoe  in  a  ver- 
tical direction, 

XJhttMt  tguilibi-Him  is  tbat  position  of  the  floating  body,  ftcm  which,  if  dishirbed, 
it  yields  to  the  distorbanoe ;  and  instead  of  reeorering  its  original  condition  of  equilib- 
rimn,  departs  from  it  mors  and  more,  till  it  finds  either  some  new  pomtion  of  equilibrium 
cc  nptele  and  sinks. 

Vhen  a  floating  body  is  sli^tly  distnrbed&omreM  by  being  tamed  about  its  centre 
of  gmrity,  the  line  through  that  oenbe,  originally  Tertical,  beoones  sHghtly  oblique; 
(he  downwardpressunior  weic^tia  then  in  the  direction  of  anew  Terticwl  line  throogh 
tho  same  centre)  the  upward  prsssara,  too,  in  oonaequenco  of  the  change  of  figure  and 
poution  of  the  displaced  fluid  cauung  a  change  in  the  cnitie  of  graTity  of  that  fiuid,  ia 
also  in  a  new  TerticAl  line.  The  point  where  this  new  Tertical  meets  the  slightly 
obUqueline  through  the  centre  of  gravity  of  the  body,  is  called  the  mitaeattre;  and  the 
vertical  itself  is  called  the  lint  of  tupport.  We  have  already  seen  that  it  is  necessary  for 
the  line  of  support  to  pass  through  the  otnire  of  gravity  of  the  body  wlien  the  body  is  at 
rest  (p.  173). 

The  positien  of  the  melacentre,  in  referenca  to  the  centM  cf  gtmily  of  the  body  when 
slightly  disturbed,  determines  whether  or  not  the  disturbance  will  be  counteracted,  and 
the  body  ri^  itself  by  returning  to  its  former  position  of  oqnilibtiuni ;  that  is  to  say, 
whether  or  not  this  poution  of  equilibciuiB  i«  a  itaiU  poaition.  If  the  metacentie  be  at 
a  point  on  the  oblique  line,  slightly  turned  out  of  it*  vertical  position  by  the  disturbance, 
which  is  ahM  the  centra  of  gravity  on  that  line,  then  it  is  plain  the  iq^ward  pressure, 
acting  along  the  vertical  (line  of  support)  threugh  the  metaceatie,  must  le-estAbliih  the 
oblique  line,  or  oxw  referred  to,  in  its  vertical  positim ;  for  the  centze  of  gisvity  is,  as 

it  were,  a  fixed  point,  ronnd  which 
J/   the  body  turns;  and  the  iqiward 

force  at  the  metacentre,  aietc  this 

centre,  acting  with  a  leverage  and 

unopposed,  must  restore  to  the  axis 

ila  veftieality.     But  if  the  meta- 
centre be  i<tou  the  centre  of  gravity 

of  the  body,  then  the  upward  pree- 

SDre  has  a  contrary  effect,  and  the 

oblique  axis  on  which  it  acts  ia 

turned  still  more  out  of  the  vertical 


For  instance,  G  being  the  centre 
of  gravity  of  the  floating  body,  if  O  A' be  the  axis  disturbed  bom  ita  originBl  vnlioal 
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pontiMl  O  A,  by  UI7  force  vhioh  no  longer  acts,  Uld  if  «  be  the  metocentie,  or  ponit 
vbae  ibe  line  of  soi^Mirt  fm,  pavrng  through  the  centre  of  granty  ^  of  the  di^laced 
Quid,  meets  O  A',  it  ia  plain  that  the  pmgrett  of  the  distarbance  i«  urested,  and  0  A' 
reatored  to  its  Terticnl  position.  If,  m  the  other  band,  the  mctaoentre  he  tituUed, 
in  reference  to  the  centre  of  gravity  G  of  the  body,  as  in  the  second  diagiBm,  that 
is  below  G,  then  the  upward  pressure  npoQ  it  osidsts  the  deviation  &am  the 
Tertical ;  and  thus  G-  A'  goes  on  inclining  more  and  more. 

It  is  thus  obvioos,  tl^at  vhen  the  metacentie  is  above  the  centre  of  gikvity  of  tlie 
disturbed  body,  the  disturbance  \rill  be  rectified,  and  the  equilibrium  which  has  been 
iliitutiied  is  ilaiU. 

Bat  when  tlie  metacentre  ia  Meu>  the  cenbe  of  gravity,  the  disturbance  becomei 
aggravated;  and  the  eqniiibriom thus  disturbed  aunMtaiit.  It  ia  possible  that  the  line 
of  anppOTtfm  may  pass  through  G,  the  centre  of  gravity  of  the  body;  in  this  case,  the 
body  remains  at  rest  in  its  new  position,  for  the  conditione  of  equilibrium,  are  then  u 
rigorously  fulfilled  as  at  first:  the  equilibrium  in  such  circumstances  is  said  to  be 
indiffertnt ;  it  U  also  aranetimes  called  MutnU  equilibrium.  This  kind  of  equilibrium 
evidently  has  place  in  a  floating  sphere  and  cylinder,  and  also  in  a  body,  of  whatever 
shape,  floating  in  a  fluid  of  equal  q>ecific  gravity  as  itself — that  is,  if  it  be  allowed  to 
call  the  equilibrium  In  (his  (Mie  floating,  Qo  part  of  the  body  being  above  the  suxbce  of 
the  fluid. 

From  what  has  now  been  siid,  it  ia  obvious  how  important  it  is,  in  the  coustroction 
and  loading  of  ahipa,  to  make  the  centre  of  gravity  of  the  whole  body  so  low  that  the 
metacentre  may  always  be  above  that  ptnnt,  even  for  a  considerable  distuibance.  The 
c^lre  of  gravity  ia  sometimes  elevated  above  its  origina]  pontioii,  in  t,  gale  of  wind,  by 
the  shifting  of  the  cargo :  if  the  elevation  be  sufficient  to  bring  it  above  the  metacentre, 
the  vessel  must  capsize. 

Bxampit.—li  rectangular  beam,  the  ttanaverBc  vertical  section  of  which  it  *  »quar«, 
and  the  speeifie  gravity  of  which  is 
one-half  that  of  the  water  on  which 
it  floats,  reaU  with  one  of  its  faem 
parallel  to  the  aurface  of  the  water : 
it  ig  required  to  determine  whether 
the  equilibrium  is  stable  or  oDstable 
in  reference  to  a  slight  transveise 
disturbance.  j 

As  the  ttonivene  vertical  sections  ' 
are  oil   equal   aquarca,  it    will  be 
sufficient   to    consider   uetely   the 
midjdle  section  A  BCD. 

Ihe  cenlze  of  gravity  of  this  in  at 
O  the  middle  of  the  square,  tbat  ia 
GH=iAB;  andif«H=iAB, 
thai;  will  be  the  eeutte  of  gravity 

of  the  displaoed  fluid ;  for  the  body  floats  half  in  and  half  out  of  the  water,  as  b; 
hypothesis  it  is  only  half  the  weight  of  its  bulk  of  water.  E  F  is  the  plane  of  flotation, 
and  EK  the  votiealoiiB  through  the  cenlfe  of  gravity  O. 

Let  now  tlie  body  be  turned  round  its  centre  of  gcavi^,  through  a  amall  angle 
FG/  ;=  B,  causing  the  line  of  flotation  to  be  if,  and  the  former  vortictU  axis  to  beoo  m« 
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tbe  oblique  line  H  K ;  ve  have  to  find  /,  the  centre  of  gravity  of  the  diqiUced  fluid 
t/C  B  in  thii  oew  poiition  of  tbe  ^K>dy,  and  thence  tlie  point  O  Tlnre  tlie  Tsiliesl  jt'O 
cntsthemieHZ:  thU 
point  O  i«  the  meta-  * 

Let   I. 


F  Of,  and  let  A  be  the 
centre  of   gravity    of 
the  portion  «  G  F  C  B. 
Then  by  SrATKB, 
Ag-.ma-.-.'EGi-.eGFCB 

V:»^::FG/:rfirCB 
FG/; 


thereibra  gg'  ix  parallel 


i,  by  the  fint  proportion,  = 


■■..-^-KJFCB'"'  — '■"' '  -  EFCB-EO. 

Nov,  as  the  angle  of  distoibance  8  is  tonsidered  aa  very  small,  the  portion  %G  e 
must  be  ioflignificant  in  comparison  -with  E  F  C  B:  hence 

EG«  „, 

«^-""-SFCB '^> 

MoreoTCT,  on  account  of  the  Bmallnest  of  0,  riuH  and  B  may  be  regarded  ss  equal;  and 
ve  ihall  then  have  for  the  three  quantities  m  n,  E  G  «,  E  F  C  B,  the  Talues  mn  =  BOm 
=  IGE,  GE  beii^  the  diatance  of  Ihc  vertex  G  from  tte  base,  or  from  the  mid^  of  the 
base,  the  hose  being  small  in  consequence  of  the  minuteness  of  9. 
EG«  =  JOS'  X  9,  EFCB  =  2GE' 
.-.  (1),  fff  =  iGE  X  ifl  =  iGE  X  «  =  iOE  X  angle  ?(V 
But  0?  X  angle  jOj'  =  ?/  .-.  iGE  =x  Oj,  that  is  0?  =  JGH 

.-.  OH  =  (J  +  i)  GH  =  SGH  .-.  GO  =;  JGH 
Bcnce,  the  equilibrium  is  unstable,  and  therefore  the  beam  will  roll  partly  over, 
though  displaced  through  only  a  very  small  angle.  'When  such  a  pmitioD  is  reached 
that  the  diagonal  A  C  becomes  vertical,  die  body  will  di^tly  oseillate  till  tbe  Tesistanee 
of  the  fluid  destroys  its  motion,  when  it  wiU  fiimlf  aettle  in  a  poeittOQ  of  stable  equi- 
librium with  the  diagonal  A  C  veitical.  For  it  is  plain  that  whea  this  position  is  arrived 
at,  tbe  centre  of  gravity  G  of  the  body,  and  the  centre  of  gravity  g  of  the  displaced 
fluid,  arc  again  in  the  same  vertical ;  but  the  inertia  of  the  rolling  mass  will  cause  the 
axis  C  A  to  incline  a  little  beyond  the  vertical  poution,  the  centra  of  gravity  ;  of  the 
displacement  will  thus  move  a  little  towards  the  right,  aa  in  tbe  former  caae,  and  g  being 
now  nearer  to  G,  the  vertical  from  /  will  meet  the  slightly  inclined  axis  abore  G,  «o 
that  the  new  position  of  eqoilibrium  into  which  the  body  finally  aettles  will  be 
stable.    (Seo  next  figure.) 
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10  foregobg-  inTM(ig>ti(m,  it  uinj  be  proper  lien  to  remark,  that 
tiia  atadent  i*  not  to  inftr  tlist  die  leiultiiig  detsrmiiution  of  the  nutioentre  it  nwiel; 
a  oIdu  appiDxiiiuition  to  its  true 
poiitian  from  our  haTing  le- 
garded  S  aa  deprived  of  appro- 
mable  ralua.  The  netaoaitre 
a  been  deOned  to  b«  a  pcrint 
irhere  certain  two  linea  inlsi- 
Mct :  thaa«  tva  liiwa  approacb 
oearer  and  ncatw  to  eoiucidenoe 
is  0  diminiihes.  Now  if  t,  from 
any  finite  Talae,  eontinuaUy  j 
jUminiA^  the  point  of  intaTSdc- 
tion  referred  to  will  moTe  along 
the  asia,  and  will  cease  to  move 
•nd  beeome  stationaiy  only  when 
0  become*  zero ;  that  ia,  when 
the  two  interaecting  linea  actu- 
ally ooiniade.     It  ia  this  eztiema 

limit  ef  the  interaegliona  that  ii,  ■; — fy=i:~ 

ilt   itticbieaa,    tha    melacentre.  "-"^ 

rigidly    and    ancnratdy  ~ 

deteimined,  from  any  genenl  inveatiEadon  in  which  B  ia  aamimed  to  be  a  imall  Tolue, 
only  in  the  extreme  case  of  that  hypothesis ;   that  it,  only  when  S  has  diminiahpd 
down  to  zero.    It  will  be  seen,  by  re-examioing;  the  operatioiia  above,  that  the 
al  reanlt  strictly  follows  when  S  becomes  xero ;  oi  when  0  it  the  eitreme  limit  of 
h  intertectionB  of  the  line  of  aupport  with  the  axis  E  K.      The  metaccntre,  i: 
tsference  to  a  dij^ilaceoent  in  a  given  direction,  is  thus  a  fixed  point  on  the  vertical 
through  the  centre  of  gravity;  and  haauothingtodowitb  extent  of  disturbance.    When 
the  body  ia  at  rest,  the  vertical  through  the  centre  of  gravity  of  the  body,  and  that 
through  the  oentre  of  .gravity  of  &e  fluid  displaced,  become  one  and  the  tome  line 
the  equilibrium  be  disturbed,  these  verticals  separate,  and  the  point.about  which,  in  this 
tparation,  they  i*ffin  to  turn  is  the  metacentre. 
Flutda  Oo^^iU>lc*UBg  th>mi|lL  B*iit  Tnbaa, — In  speaking  of  the  Level- 
ling Inatrumfint  at  page  I6S,  we  have  regarded  it  as  a  vessel  of  .fluid  ;  and  from  the 
proposition  which  suggested  a  reference  te 
^  have'iuferred  that  the  two  sur&cca  of  the  bent 
f   tube  were  borizMital  or  level :  but  the  foHow- 
ii^  direct  proof  that  the  surfacos  of  the  fluid  in 
any  bent  receptacle  are  nocOBaarily  horizontal,  ii 
deserving  of  notice  for  ita  simplicity.    We  tnkc 
it  from  the  "  Court  El^mentiure  de  Mecaniquu" 
of  De  Launay. 

Let  A  B  be  two  pobts  taken  in  the  interior 
of  tlie  fluid,  and  on  the  horizontal  line  wholly  in  the  channel  of  communication  A  !B 
between  the  two  ascending  portions  of  the  bent  tube ;  theae  two  portions  being  of  an; 
relative  bulk  whatever. 

In  order  that  the  two  points  A  and  B  may  be  at  rest,  the  preaaurea  at  A  and  B  nusi 
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be  oqnal,  and  muit  be  the  Mine  u  the  prusure  upon  evetypoint  oftheline  AB.  Now 
ttio  pnMore  on  A  ii  eqiutl  to  the  ireigbt  of  the  Tertinl  column  of  puticJea  C  A :  the 
pieanue  on  B,  on  account  of  die  oliliquitj  of  the  itm  B  M,  u  aot  eo  e«Hly  ftnmd.  It 
iiiaj  be  obtained  a«  (blloir* : — The  preuure  od  B  ii  equal  to  the  preeeure  on  D,  ang- 
iiiunted  by  the  weight  of  the  colunm  of  partEclee  D  B.  The  preuure  oi 
na  that  on  £  ;  but  the  pressure  on  £  is  equal  to  the  preuure  on  F,  augmented  bj  the 
weight  of  the  column  of  particlea  F  E  :  consequently  the  preuure  on  B  is  equal  t( 
prusinTe  on  F,  augniented  by  the  ireight  of  the  two  column*  of  puticlei  D  B,  F  E. 
I'Foeeediiig  in  thii  way,  and  obeerring  that  the  prcssnre  on  M  is  nothing,  we  lee  tl 

reight  of  the  five  columns  of  purlicU*  D  B,  FJE,  H  0, 
K  I,  H  Ii.  And  mnoe  the  preswirei  on  A  and  B  are  equal,  it  foUows  that  the  five  vertd- 
chI  line*  DB,FE,E6,  KI,  HL,ara  together  equal  to  the  lingle  vertical  line  C  A. 
CanBoqiumdr  emy  point  in  the  mrlacea  at  C  and  M  is  at  the  game  vertical  diitonce 
I'l  om  the  boriiontal  phtne  passing  tluou^  the  two  points  A,  B :  these  surfaces  *ie 
tlicrefora  horizontaL 

In  order  that  the  foregaing  phenomenon  may  always  be  exhibited,  it 
nccSMary  that  the  fluid  introduced  into  the  tube  be  of  unifonn  density,  or  that  equal 
vertical  columns  of  it  press  with  equal  weights.  When  two  distinct  fluids,  which  do 
not  intermix,  balance  in  a  bent  tube,  or  in  any  two  vessels  having  a  channel  of  bee 
umunnnication  with  each  other,  the  proportion  bccomei  modified,  as  follows  :~ 

If  two  fluids  which  do  not  intermix  are  in  equilibiio  in  a  bent  tube,  the  heights  of 
their  aucfacea  above  the  horiiontal  plane, 
where  the  one  fluid  rests  upon  itm  other, 
ore  inversely  as  their  special  giavitaea. 

Let  A  B  C  be  the  bent  tube,  vitk  a 
fluid  A  H  of  speciflj^  gravity  S  resting 
upon  another  fluid  H  B  C  of  e 
'  gravity  8',  the  horizontal  plane  of  theii 
separation  being  at  H. 

The  pressnre  of  the  fluid  A  H 

horizontal  plane  H  is  H  X  AE  X  S^; 

the  pressure  at  the  fluid  C  J,  upward  oi 

"  the  same  phine,  is  H  X  CFx^V;  and 

le  plane  H  sustains  only  the  upward  pressure  communicated  by  C  J,  idnce,  H  J  being 

liorizontsl,  if  0  J  wore  removed,  there  would  be  no  upward  pressure  on .~ 

Hence,  as  the  flniils  are  at  rest,  the  pressuree  on  H  must  be  equoL 

.-.  HXAEX  3y  =  H  XCF  XS'^    .-.  AEX8  =  CF  XS',o: 

(hat  is,  the  heights  of  the  anrfoces  A,  C,  above  the  horizontal  plane  of  scpataHon  H  J, 

ure  inversely  as  the  speciSo  giavitieB  of  tbe  fluids  A  H,  C  J. 

If  8'  =  8,  we  then  have  the  esse  of  a  single  uniform  fluid  before  considered,  and 
the  result  gives  A  E  ^  C  F ;  that  is,  the  sur&cea  ore  at  the  name  heiglit  above  a  bori- 
xontat  plane,  or  are  level.  Suppose  above  A  and  C,  two  etber  fluids  of  specific  gravities 
S",  S"",  to  be  introduced  into  the  tube,  and  that  the  equilibrium  remains  undisturbed ; 
then  the  new  fluid  in  C  C  communicates  to  (he  horizontal  plane  A  the  only  upward 
s,  and  this  by  hypothesis  is  balanced  by  the  downward  pressure  of 
the  ne     ^ 
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:  ao  on  for  acj  aumlier  of  Buperpoaed  fluids  In  equilibrio.  Henoe,  if  any  muntier  of 
Suida  be  in  equiUbrio  in  a  bent  tube,  the  tarn  of  the  products  of  the  vertical  heigbts 
into  the  specific  gravities  of  the  flui<l3  in  one  branch,  of  the  tube,  irill  be  equal  tc 
Biun  of  the  cDiTi^spanduig  products  in  the  other  branch.  The  vertical  height  of  eai^li 
fluid  is  estimated  from  the  horisontal  plane  on  which  it  rests ;  the  heiglit  of  the  loirtsi 
fluid  H  B  C  is  estimated  ftom  the  lowest  point  B ;  the  vertical  diatanco  of  B  from  H  ta 

s  height  in  one  branch  of  tlie  tube ;  and  the  vertical  distance  of  B  from  C  is 
height  in  the  other  branch. 

In  illustnitioDs  such  its  the  above,  the  tubes  arc  always  represented  at  dicnlar ;  hot, 
as  the  reaaoniog  shows,  the  ahapo  of  the  channel  which  c^mnccts  Qie  two  upper  surfnii 
of  a  fluid  together  does  not  enter  into  oonsideration.  A  pool  of  wat^  comiected  by 
undei^iound  open  passages,  however  tortuous,  with  an  adjacent  liver,  will,  on  the  abovu 
principle,  have  its  surface  on  the  same  level  as  that  of  the  river.  Also,  water  conveyed 
by  pipes  from  a  reservoir  can  never  deliver  a  supply  to  acy  place  onahiglierleTal  than 
lie  surface  of  the  source,  without  the  application  of  mechanical  force  or  pressure. 

Tbe  student  must  be  apprised  that  in  discussing  the  circumstances  of  the  equililxr 
of  fluids  in  tubes,  though  the  shape  of  the  tube  is  of  no  moment,  nor  yet  the  saclional 
irea  of  the  branches  at  any  height,  provided  only  that  these  exceed  a  certain  anuntnt  of 
nnallnesa ;  yet  if  the  eection  at  aTiy  part  bo  so  small  aa  to  bring  into  operation  what 
is  called  capillary  attraction,  the  fluid  surfaces  in  the  two  branches  will  not  stand  at  the 
le  level.  If  the  section  be  circular,  the  diameter  of  it  should  eiceed  ^fOi  of  an  inch, 
in  order  that  capillary  attractioQ  may  uot  appose  that  of  gravity,  and  thua  lessen  down- 
ward pressure.    We  shall  devote  a  short  article  to  this  curious  subject  presently. 

PsoBLEU. — Eqnal  lengths  of  two  fluids  which  do  not  intennti,  and  whose  sjieeiflc 
gravities  are  as  in  to  I,  are  poured  into  a  unifona  circular  tube ;  required  the  poHiliaa 
in  which  they  will  resL 

Let  P  C  H  bo  the  heavier  fluid,  and  F  H  the  Ughter,  the  lengths  of  the  arcs  PH,  P  H 
beijig  equal;   let  a  represent  each  of  these 
lengths;  and  draw  Pll,  PM'  each  perpendi- 
cular to  the  vertical  diameter,  as  also  H  N  £. 

Then  the  lighter  fluid  P'  H  is  upheld  en- 
tirely by  the  pressure  of  the  portion  P  H  of  the 
heavier  fluid ;  hence  the  downward  pressure  of 
the  lighter  fluid  on  the  horizontal  plitno  H 
it  be  equal  to  the  upward  pressure  of  the 
portion  P  E  of  the  heavier  fluid,  transmitted  to 
that  plane.-  The  heights  of  these  equilibrating 
ions  of  fluid  arc  respectively  M'  N,  and 
HN;  and  as  theac  ore  inversely  as  their  spe- 
cific gravities,  frum  what  is  shown  above,  we  have 

M'N:MN:^fl.il.-.M'H  =  m.MN (1) 

Let  the  ate  C  P  bo  represented  by  I  .-.  CH=a— ik,  and  CF=:(i — a+a^So— 
then  M'  K  aud  M  N  may  be  found  in  tenns  of  a  and  t  as  follows,  observing  tliat 
M'N  =  M'C  — NO 
and  Mir=MC— NC. 
M'C  =  vcr8in{2fl  — 3;),NC  =  vetsm{a  — i),MC  =  Termnir; 
.-.  M'N  =  ver  sin  (2o  —  r)  —  ver  sin  (»  —  x), 
MN  =  ver  sin  »  —  ver  sin  (a  —  a) ; 
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190  EaniLiBsinM  or  a  soutixfi  rma. 

.-.(1)  vetrin{2«  — *)  — TCTsin(B  — «)  =mTerm[H!  — mTerMii{«— «)  .  .  (2) 
Or,  nnee  tbt  nn  =  B  -^  co>,  vhere  E  is  the  Tadiua  of  tixe  circle,  we  ni&;  uieconiiM 
inrtetd  of  TCTwd  nnea;  ind  reduce  the  geometrical  to  the  OTdinu;  trigonometric*!  cosinca, 
thitt  ia,  to  the  scele  E  ^  1 ;  ve  shall  only  bare  to  regard  a  and  x  *a  atanding,  not  be 
li:ngtlu  of  arc,  but  for  the  dtfrif  in  tlioae  length* ;  we  ihall  thna  hare  from  (2) 

—  eo*  [la  —  x)  —  I  +  iMi  (a  —  x)  =  m  —  m  CM  X  —  m  +  M  not  (a  —  x); 
(hat  ia,  CO*  (fl  —  *)  —  eo«  (2«  —  *)  =  ••  coa  («  —  «)  —  »  eoa  « ; 
.-.  CO*  (at —  «)  +  [«  — 1>  ooa  {«  —  «)  =  m  coi  # ; 
ihatia, 

00*  2<i  CO*  «  +  «In  2a  sin  X  -t-  (m  —  1)  (co*  a  eoa  x  -(-  ain  o  *in  «)  =  «  coa  x ; 
.-.  co*2a  +  *in2»tan«+(»i  — l)(oo*«  +  ainiitani)  =  M; 

nn  3<  +  (m  —  1)  dn  a  *' 

From  thi*  eiprenion  the  trigonometriosl  tangent  of  the  are  x  may  be  foimd  from 
the  tables ;  and  thence  the  number  of  degrees  in  that  arc,  or  the  angle  which  C  F  sab- 
sBttlie  centre  of  the  circle. 
>ta=  wi  tliencosa  =  0,  co*2ri  =  — I,  nna=:l,  siii2a  =  0,  tndlbe  expnt- 


-    ■     ■       (*). 
IN  =  1,  that  is,  if  the  two  flmda  be  the  same,  then  (3)  giTea 

sin  2d  2  sm.  o  co«  a  cos  n 

thftt  ia,  Ae  arc*  a  and  x  arc  eqnal,  ai  we  otherwise  know  they  mnat  be. 

■t*^Uibifiiai  of  m  Kotatlni  Flvid. — In  all  the  preceding  investigatiOQ*  the 
'  only  force  suppoaed  to  aet  on  the  fluid  is  the  force  of  gravity ;  we  sliaU  pve  an  iUoitra- 
~  a  case  in  which  the  equilibrium  is  due  to  the  nnited  effeeb  of  grarity  and  oentri- 
Fugal  force. 

FftOBLSH. — A  cyUndrical  vessel  conttuning  water  or  any  other  liquid  rerolves  round 
ts  axis,  perpendicular  to  the  horizon,  with  a  given  angular  Telocity ;  to  determine  the 
Sim  assumed  by  the  internal  Burfkce  of  tbe  fluid. 

The  rotation  of  the  veaael  neoeasarily  puts  the  contained  fluid  in  motion,  and  tiiil 
motion  continnes  till  all  the  force*  balance  and  the  fluid  attaint  a  fixed  form  and  podtion ; 
it  ia  in  tllis  state  of  equiUbrium  that  we  have  to  consider  it. 

BupposoAHD  tobe  thofbrm  assumed  by  the  lur&ce  of  thefluid  when  the  state  of 
oquilibrinm  is  attained,  and  P  any  particle  on  that  surface. 
From  P  draw  P  H  peipendicular  to  the  axis  of  the  cylinder, 
nnd  F  N  perpendicular  to  the  cnrve  at  F.  The  fbrees  which 
keep  P  in  equilibrio  are— 1.  Gravity,  acting  in  (he  Tertical 
direction  N  M ;  2',  The  centrifugal  force,  acting  in  the  hori' 
lontal  direction  M  P ;  and  3.  The  pressure  or  reaction  of  the 
particle  in  the  direction  P  N  perpendicular  to  the  sur&ce ;  tor 
I  it  is  plain  that  the  vertical  and  horiiontsl  forces  acting  on  P 
are  tile  only  fbrees  which  cause  the  normal  pressure  of  F  on 
the  anrfaoe  H  P  D ;  so  that  this  normal  preBcurc  ia  the  result- 
ant of  the  other  two,  and  therefore,  token  in  the  oppodte  direc- 
tion F  N,  nentralizes  the  former  and  keep*  P  at  rest 
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Let  ■  be  the  ■ngni^r  Telocity  of  rotation,  that  U,  the  angle  turned  throng  by  H  P  or 
F  C  in  A  tecond  of  time ;  then  the  oiroutar  *rc  turned  tiirougli  by  F  in  a  second  -will  b« 
ay,  patting  y  for  F  M,  that  is  to  >ay,  &e  Telocity  c,  of  the  point  P,  is  v  =:  ay. 

Now  the  centrifugal  force  acting  on  P  ii 


Alao  (SriTics,  Prop.  IT.,  psfO  48), 

NU :  MP ::  givvity  :  centrifugal  fiiree (1) 

that  ia,  NM  :  y  ; :  ff  :  »V  ■■•  NM  =  ^j- . 

The  line  N  H,  thus  determined,  it  called  the  aubnoTmal  to  the  curre  A  H  D  at  the 
point  P ;  and  we  see  that  the  curre  ia  aoclt  that  the  lubnormal  at  any  point  ia  a  com 
quantity.  Thia  property  belonga  eiclaaiTely  to  the  parabela.  Hence  the  aur&oe  of 
cquilibriam  ia  that  generated  by  the  rotation  of  a  pamboU  aboot  its  ana ;  that  is, 
a  paradoloid. 

In  reference  to  the  foregoing  inrestigation,  it  may  be  ugeful  to  ihe  student  to  attend 
to  the  following  rematlu : — 

It  will  have  been  perceived  that  the  problem  propoaed  is  of  a  niiied  character — 
partly  dynamical  and  partly  atatical,  'Hie  fbrces  first  generate  motion  in  P,  which 
point  e<mtinue8  to  moTe  till  these  Ibrcea  become  balanced,  and  P  take*  a  position  of 
rest.  The  fbtce  of  gravity  g,  and  the  centcifiigal  force  aV,  both  act  dynamically,  «nd 
are  therefore  to  be  eipieised  hafitt.  The  aymbol  a,  representing  the  angular  velocity 
of  rotation,  is  an  abatiact  number : — it  is  not  an  snp fe.  Here,  as  in  all  dynamical  in- 
quiries, angular  velocity  ia  estimated  thus : — A  cirele,  whose  radius  is  represented  by  1, 
is  imagined  to  be  described  aboat  the  centre  of  motion  (abont  M  in  tiie  present  cai 
the  semicircnmference  of  this  circle  is  3' 1416;  and  the  extent  of  ore  of  the  same  circle, 
turned  through  in  a  second,  ia  a,  the  angular  velocity  of  the  rotation,  which  is  therefore 
S'lllfi  multiplied  by  some  number,  whde  or  fractional.  If,  therefore,  y  or  H  P  be 
meaaured  in  inches,  the  velocity  of  P  is  ay  inches ;  if  in  feet,  it  is  ay  feet.  As  y  is 
measured  in  feet — viz,  jr  ^  32'Z  feet,  it  is  necessary  that  M  P  or  y  should  also  be 
meuuied  in  feet ;  otherwise  the  proportion  (1)  would  be  incongruous.  The  final  leaolt, 
namely, NM=  ^  givea  the  length  of  NU  in  feet:  it  ia  322  faet  divided  by  the 
abstract  number  a\  Suppose  the  vessel  performed  10  rotations  in  a  second ;  then  tha 
angular  velocity  would  be 

■  =31416  X  20  =  82-832  .■.  o' =  62-832' =  3947-86 
.„,  32'2     ,    ^  388-4    ,    , 

We  see  that,  with  the  aame  angular  velocity  of  rotation,  the  cnrve  is  the  Mme  what- 
ever be  the  magnitude  of  the  vesael :  it  is  further  obvioua  that,  as  the  cylindrical  shape 
of  tha  vevel  ia  no  item  of  consideration  in  the  above  solution,  the  concluuon  remt 
the  same  whatever  the  shape  may  be,  provided  that  the  hoiiiontal  sections  be  circle^ 
and  the  vertical  aiia  of  revolution  pass  thrcugh  their  centres. 

Suppose  the  vessel  to  be  itself  in  the  fuim  of  a  paraboloid :  tlien  the  velocity  of 
rotation,  neoessary  to  cause  all  the  fluid  to  run  over,  may  be  eauly  determined.  For 
the  vessel  will  be  emptied  as  soon  as  every  point  P  has,  through  die  intensity  of  the 
ccntHAigal  force,  reached  the  side  of  the  vessel ;  that  is,  when  the  aubnotmal  N  M  at 
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Calling,  then,  the  constant  Eubnormal  of  the  g^yea  pirahoU  I,  ve  hs,Te  l^~  - 

'-  B  ^^j,  the  angular  velocity  per  ieoaDd  at  vhicli  the  retsel  muit  rotate  in  order 
that  the  empty  paraboloid,  formed  bf  the  rotation,  may  ooinoide  with  the  ooncavity  of 
the  Teasel  itacjf. 

From  thii  eipretsion  far  the  angular  velocity,  Ihe  time  in  vhich  each  complete 
revolution  must  be  perfonned  may  be  ascertained  thua  :— 
3U16 


:  31416  : 


>n  =  2' 


3-1419 


J  32'2  feet.     It  appeare,  therefore, 
I  run  over  the  vessel,  tJU  ooly  vrhat 


the  aabnumal  /  being  measured  in  feet,  and  g  bt 
that  with  this  rate  of  rotation,  the  fluid  will  liso  e 
covers  and  adheres  to  the  sidm  is  left. 

The  annexed  figure  will  illua- 
traie  the  manner  of  communica- 
ting rapid  rotatory  motion  to  a 

lel  of  voter.  D  and  E  are 
two  pulleys,  round  which  passes 
an  endless  eari. ;  by  means  of  a 
winch  C,  the  vessel  may  be 
made  to  rotate  round  its  vertical 
axis  A  B  as  tapidly  as  we  please. 
OftpUUxT  Attnoti«n  and 
XspnlBton. — The  remaAabte 
phenomena  of  capillary  attrac- 
tion and  repulsion  has  already 
bren  described  and  illustrsted  at 
pages  19  and  24  of  the  present  a 

Toluine;    and  little  more  than 

mere  description  and  illustration  con,  with  propriety,  be  given  in  this  woA.    Common 
observation  sbowB  that  the  surfaces  of  aolida  in  general,  unless  they  are  unctuous  sur- 

B,  attract  the  particles  of  water :  this  is  more  especially  noticeable  in  glass.  If  a 
plate  of  glass  be  dipped  in  water,  and  then  gently  withdrawn,  a  Une  of  fluid  particles 
will  be  seen  suspended  from  the  lower  edge,  and  the  whole  surface  will  be  tcctud,  show* 
ing  that  there  exists  an  attraction  between  glass  and  water. 

Tt  is  to  this  attraction  that  the  rise  of  water  in  a  oapillary  tnbe  is  attributed :  the 
bore  of  such  a  tube  being  verjt  minute,  from  i^  to  ^utii  of  an  inch  in  diameter,  the 
thread  of  water  is  so  slender  -Uiat  the  surface  of  glass,  aboTO  its  upper  extremity,  may 

'cise  attractive  force  sufficient  to  raise  the  u^ier  particle,  when  the  contiguona 
particles  most  fbllow  to  fill  up  tho  vacuuDi ;  this  lengthening  of  the  thread  inoreaaiiig 
till  gravity,  or  the  weight  of  the  little  eolnmn,  connterbolances  the  cajrillary  atttsotion. 
It  is  observed  that  the  height  to  which  the  water  is  raised  in  a  capillary  tube,  is 
invcTiicly  as  the  diameter  of  the  tiibe.    And  this  bet  is  suficient  to  teach  ns  the  tcata 
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of  tiui  ouTTO  vhioh  tlie  upper  turftue  of  wster  aaaumea  when  ftct«d  t^on  by  the  t 
gUsa  pUtvi  vhich  embrace  it,  as  mentioned  B,t  page  20. 
Far  tbe  distance  lietween  the  pUtea  at  B,  I9  to  the 
I    [listance  b«tireea  them  at  C,  as  the  height  of  the  liquid  at 
[    C,   to  the  height  at  B.    Hence,  putting  AB  ^  x,  and 
I    AC  =  if,  and  the  corresponding  heights  y  and  y*,  and 
uanbetlag,  fran  Euclid  Prop.  2,  Book  VI.,  that  tho 
distances  between  tlie  plates  at  B  and  C  are  as  AB  to  AC, 
re  have 

t;  i!  :■.•/:   y  .■.i.j  =  ^Y 

that  is,  the  rectangle  xy  is  a  constant  quantity,  Theiever 
B  may  be  within  tlie  Umits  of  capillarity.  As  this  is  the  distinguishing  property  of  the 
hyperbola,  tbe  axca  of  reference  being  tiie  asymptotes,  we  infer  that  the  curve  presented 
by  the  upper  surface  of  tie  fluid  interposed  between  the  platei,  is  an  hyperbola.    The 

re  ceases,  of  courae,  to  be  that  of  tho  hyperbola  beyond  the  limits  of  capillarity : 
distance  from  the  junction  of  tbe  plates,  at  which  the  interval  between  them  exceeds 
about -jVli  of  an 'Dch,  the  curve  will  terminate  :  theie  will  still  be  an  elevation  of  tho 
liiuid  up  tbe  side  of  each  plate,  but  the  line  traced  by  its  surjace  will  become  a  straight 

Where  tho  distance  between  the  plates  is  ToTith  of  an  inch,  the  fluid,  if  wati 
observed  to  rise  5  inches ;  and  therefore  whero  the  distance  between  the  plates  is  li^th 

n  inch,  the  rise  of  tho  water  is  2}  inches.  Tbe  elcTation  of  the  liquid  is  found  to  bo 
quite  independent  of  the  thidmesB  of  Uie  glass :  if  the  bore  of  the  tube,  or  the  distance 

ween  tho  interior  surfacea  of  the  plates,  be  the  same,  tho  elevBtion  is  imaftected  by   [ 
tbe  thickness,  ao  that  the  quantity  of  matter  in  the  glass  does  not  contribute  to  the    ; 

mt  of  the  fluid;  and  if  the  interior  suifacea  of  the  plates,  or  the  bore  of  the  tube,  be   ] 
cooled  with  a  film  of  oil,  the  capillary  attraction  is  destroyi'd.    On  this  account  it  has 
been  inferred  that  the  attraction  is  exerted  entirely  by  the  sur&ce  of  the  glass,  and  that 
tbe  liquid  must  be  in  complete  contact  with  that  surface  for  the  phenomenon  to 
place :  the  attractive  onergj',  it  would  seem,  has  no  penetrating  power,  it  being  stiSed 
and  rendered  inoperative  by  the  interposition  of  even  the  thinnest  lamina  of  oil  0: 

It  may  be  remariced,  too,  that  the  elevation,  of  the  fluid  is  not  near  so  great  between 
jilates,  as  in  a  tube  whose  diameter  is  equal  to  the  distance  of  the  plates ;  the  rise  is 
something  less  than  half  aa  great  In  tho  former  case  as  in  tho  latter.  But  this  might  be 
expected,  as  in  the  tube  the  thread  of  fluid  is  completely  surrounded  by  the  glass  sur- 
face ;  tho  same  law,  however,  namely,  that  the  height  of  the  fluid  is  inversely  propor- 
tional to  the  distance  bcttvecn  the  plates,  is  observed  to  have  place. 

The  fluids  which  exhibit  the  phenomena  here  noticed  are  eiolusively  the  watery 
fluids,  all  of  which  rite  to  diSerent  heights  in  tho  same  tube ;  and  some  of  the  heavier 
ise  higher  than  the  lighter  ;  spirits  of  wine,  for  instance,  rises  only  about  jths  as  high 
swater,  which  ef  all  liquids  rises  to  the  greatest  height.  Mercury,  however,  does  not 
ise  at  all ;  on  the  contrary,  the  tube  and  tho  plates  seem  to  exercise  a  repollant  energy, 
nd  cause  the  mercury  to  descend  :  this  is  called  copillary  npitUion. 
The  diameter  of  a  capillary  tube  is  not  found  by  actual  measurement ;  the  method 
recommended  is  this: — Tut  a  known  weight  ut  of  grains  of  mercury  into  the  tube,  and  let 
the  length  of  tube  it  occupies  be  I  inches;  then  representing  the  diameter  of  a  tn 
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ine  section  of  the  tube  b;  d,  vc  ba,ye  for  tlie  rolama  of  the  mercnr;  if*'  X  '7S54 ;  uid 
1  a  cubic  inch  of  mercuiy,  when  pure,  ireighB  3*43  grains,  we  latfe 
1  :  d'l  X  '1^*  ■■■■  3i*3  graing  :  kt  gnim; 

.■.d  =  J(- ^—)  =  ■09123^/-  inches. 

-VW     34*3  X -786*'  N  I 

'Wlutterer  the  force  cs.Ued  CRpillaiy  attntetion  and  repnliinn  may  be,  it  i>  pl^n  that 
it  cannot  be  anslogoiu  to  that  so  muTenally  difiiised  throughout  the  material  unirenc, 
and  called  the  foiiw  of  giaTitstioa  i  because  the  inteosityof  Mii  influence  inoresiei  with 
the  ma«8  of  the  body  exercising  it ;  vboTcas  the  capillary  iofiuence  ig  more  like  that  of 
ilectrieity,  trhich,  when  in  a  state  of  eqinUbrium,  uemi  to  be  confined  tn  mere  eurfaces. 
It  appears  not  improbable,  therefore,  that  capillaritj  may  be  a  peculiar  manifestation  of 
electric  ibrce  exerted  by  the  Burfaca  of  the  glass  on  the  particles  of  liquid  in  its  imme- 
diate neighbouthood.  For  an,  account  of  experiments  to  prove  the  "  outsidednew  "  of 
eltictricity,  the  student  is  referred  in  the  volume  on  Elehentakt  GHEiastBT. 

Conclnsioa, — We  here  terminate  the  elemenlarj  treatise  on  Hydrostatics,  which, 
like  the  preceding  treatise  on  Dynamics,  has  been  prepared  exelnsiYely  for  those  whose 
knowledge  of  pure  mathematics  is  limited  within  the  range  of  the  volume  on  the  Mathe- 
UATTCAi.  SciEycES  in  the  present  series  of  treatises.  In  the  tract  now  brought  to  s  con- 
clnsion,  we  have  been  able  to  enter  a  little  more  fiilly  into  the  subject  proposed  than  we 
could  with  propriety  do  into  the  matter  fairly  coming  under  the  head  of  the  former 
topic ;  because  in  statics  generally,  ss  well  of  fluids  as  of  solid  bodies,  there  is  less  dc- 
maud  upon  the  higher  calculns  than  in  Dynamics.  But  in  both  treatises  our  principal 
object  has  been  to  convey  clear  conceptions  of  fundamental  principles,  and  mors  espe- 
cially to  impress  an  intelligible  signification  upon  every  symbol  employed.  We  have 
always  thought  that  if  thus  much  be  faithfully  performed  in  any  department  of  science, 
the  elementary  instructor  may  withdraw  his  aid,  and  may  safely  leave  his  pupil  to  his 
vm  efforts,  and  the  ordinary  books,  in  the  further  prosecution  of  his  inquiries. 

It  is  an  unfortunate  feature  in  many  books  on  applied  science,  otherwise  valuable, 
that  the  preliminary  matters  here  noticed  are  too  hastily  disposed  of.  The  learner  is 
ten  left  to  grope  his  way  to  the  precise  meanings  of  the  symbols  he  uses  in  an  indirect 
td  circuitous  manner,  without  any  real  assistance  fi:om  the  vrriter  who  undertakes  to 
guide  him.  And  the  consequence  is  that  he  is  often  compelled  to  regard  the  investigft- 
tion  of  a  problem  in  physical  science  merely  as  an  algebraical  exercise,  in  which  symbols, 
and  symbols  alone,  are  alike  the  instruments  and  the  subject-matt«r  before  his  mind. 
Uuantities  concrete  and  abstract — weight  and  time — Tolnme  and  apace — seem  to  him  so 
jumbled  together,  in  one  and  the  ssmn  incongruons  expression,  that  he  ignores  the 
applicability  of  his  formula  to  any  material  reality ;  and,  in  obedience  to  the  dictates  of 
common  sense,  is  constrained  to  regard  it  as  involving  mere  mathematical  abstractions, 
having  probably  Borne  mysterious  connection  with  the  outward  objects  of  sense;  but 
what  connection,  it  is  beyond  his  penetration  to  discover. 

The  student  of  the  physico-mattematical  sciences  must  vigilantly  contend  ag^nst 
the  propensity,  in  dealing  with  his  symbols,  to  leave  ont  of  sight  the  things  signified  ; 
he  had  better  abandon  an  investigation  altogether,  than  prosecute  it  beyond  the  step  at 
which  it  ceases  to  be  intelligible  in  reference  to  the  purpose  for  which  it  was  oader- 


„Gooj^lc 


HTDEODTNAMIOS. 


Hthsodtnamics  treats  of  the  modon  of  iocompreasible  fluids,  and,  as  the  name  implies, 
■e  especially  of  water.  The  consiQemtioii  of  compressiblo  or  elaatic  fluids,  whelhei 
I  state  of  equilibrium  or  of  motion,  comes  under  die  head  oi  Faeumatict,  a  subject  to 
which  the  conclusion  of  (ho  prosctit  treatise  will  be  deToted.  Bat  from  our  limited  space 
ire  precluded  team,  diecuseing  these  remaining  topics  at  any  great  IcngtJi.  This, 
however,  is  scareelg  to  he  regretted,  for  (he  physical  laws  which  regulate  the  motions 
of  fluids  are  so  imperfectly  ascertained,  tHat,  except  in  thoae  few  particulars  which  Co 
titute  the  mere  elements  of  the  subject,  the  investigations  of  hydrodynamics,  founded 
n  hypothetical  data,  are  of  litUo  practical  value ;  and  sometimCH  even  lead  to  reaulls 
clearly  contradicted  by  eiperiment.  We  shall,  therefore,  confine  ourselves  in  this  brief 
maryto  thoae  elementary  portions  of  the  mathematical  theory  'which  actual  eiperi- 
it  conflrms,  er  wh.ere  the  practical  obstacles  to  such  conflrmadoQ  ore  clearly  ascer- 
tained, and  may  bo  estimated  and  allowed  for. 

~f  water  run  through  a  pipe  or  other  channel,  always  filling  it,  the  velocity  of  Iho 
fluid  at  any  part  will  be  inverBcly  as  the  area  of  the  transverse  sectioa  of  the  channel  at 
that  pirt.  For  let  A,  A'  replesent  the  area  of  any  two  transveree  sections,  the  water 
being  supposed  to  run  from  A  towards  A',  then  whatever  quantity  passes  through  A,  in 
a  given  time  the  same  quantity  must  puss  through  A'  in  that  time ;  since  if  a  less  quan- 
tity passed  through,  then  the  fluid  between  the  sections,  always  remaining  full,  would 
be  condensed ;  sad  if  a  greater  quantity  passed  through,  the  fluid  between  the  eectt 
would  be  expanded,  as  the  channel  is  always  full.  As  each  consequence  is  incompaliblo 
'  with  an  incompressible  fluid,  it  follows  that  equal  quantities  of  fluid  must  pass  through 
A  and  A'  in  the  same  time. 

If,  iherefore,  the  velocity  of  the  stream  through  A  he  v  feet  per  second,  and  the  velo- 
city through  A',  v  feet  per  second,  we  shall  have 

Ap  =  AV.-.A:A'::</:c; 
that  is,  the  velocitlea  are  inversely  as  the  areas  of  the  sections. 

Spouting  of  Tlttlds.'^The  velocity  with  which  a  iluid  issues  from  a  small  orifice 
n  tlie  bottom  or  aide  of  a  vessel,  kept  constantly  fuL,  is  equal  to  the  velocity  that  would 
be  acquired  by  a  heavy  body  {[tiling  freely  through  the  height  of  the  surface  of  the  fluid 
above  the  hole. 

uppose  the  orifloe  A  to  he  at  the  bottom  of  the  vessel,  tlien  the  tTijn  lamina  of  fluid 
covering  the  orifloe  A  is  forced  out  by  the  action  of  gravity  upon  it,  and  by  the  super- 
incumbent pressure  of  the  column  of  Quid  whose  base  is  A  and  altitude  A  B.  Conceive 
the  column  A  B  to  coniiit  of  n  auch  lamime,  thus  Biqiposed  to  be  acted  upon  at  A ;  that 
is,  calling  the  thicbess  of  the  lamina  I,  let  A  B  ^  »;  then  before  motion,  the  statical 
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toroet  or  prenurea  on  A  are  ita  own  weight,  and  the  weight  or  preanue  of  the  colamn 
A  B,  and  these  are  sa  I  to  n ;  conaequeatlj  the  d3'iiuiiical 
effects  of  these  forces,  when  motion  takes  place,  must  ' 
also  as  I  to  fl.  Now  the  dTDamioal  effect,  that  te  the  Telo- 
city generated  in  the  lamina  A,  in  the  time  of  ClUing 
through  its  own  thickness  I ,  regarding  this  time  as 
unit  of  time,  is  2  (Dthaxics,  page  136) :  hence 

I  :  n  ::  2  :  2n; 

therefofe  2n  is  the  vdocity  generated  in  the  lamina  A  hj 

the  column  of  ffoid  in  the  assumed  unit  of  time ;  and  as 

this  time  is  indefinitely  small,  it  must  be   the  velocitf 

which  the  fluid  has  at  the  <aiflce  itself,  or  that  with  whidi 

it  acluatly  spoats  ont ;  and  as  the  vessel  is  kept  constantly 

full,  the  initial  circumstances  continue  inrsriahlc,  so  tl 

the  fluid  is  dischsrged  with  the  same  uniform  velocity. 

Now,  if  a  heavy  body  fill  freely  through  a  height  A  hy  the  action  of  gravity  it 

1    acquires  during  the  time  of  fall  aveloeity  c  ^  2A,  that  is,  a  velocity  that  would  carry 

I    it  through  ZA  in  the  same  time  (Dinajiics,  page  134).     Consequently  the  fluid  issues 

''    &om  the  orifice  A  with  a  constant  velocity  equal  to  that  which  a^eavy  body  would 

I   acquire  in  falling  through  the  height  B  A. 

]  If  this  height  bo  A  fcet^  the  accelerating  force  of  gravity  being  p  =  32-2  feet,  w 
(  have,  for  tho  constant  velocity  of  the  spouting  fluid,  v  =  t/2jA,  the  velocity  per 
]   second. 

\         The  fluid  spouts  out  with  the  same  velocity  whether  the  small  orifice  be  in  the  side 

j   or  in  the  bottom  of  the   vcbbcI,  provided 

only  that  in  both  esses  the  hole  be  at  the 

same  depth  below  the   surface  of  tho 

fluid,  unce  the  pressure  of  a  fluid  is  the 

Bsme  in  all  directions  at  the  same  depth. 

The  stream  being,  aa  it  were,  thus 

projected  with  a  uniform  velocity  r,  tho 

!    currs  it  will  dejcribe  in  issuing  from  the 

I    udo  of  a  vessel  (as  in  tho  margin)  will 

be  a  parabola,  of  which  the  directrii  is 

the  horixnntal  line  through  B  the  but- 

foce  of  the  fluid  (DtUAMics,  page  141). 

I  hole  through  which  the  fluid  apouta 

it  be  BO  small  as  to  render  the  pressures  at  diflereut  parts  of  it  iniensiblj  different 
from  that  at  the  centre  of  the  orifice. 

QiMntity  of  Flnld  Siachuged  p«x  Second. — As  the  velocity  is  constant, 
the  quantity  of  fluid  dischsrged  per  second  is  found  by  multiplying  the  area  of  the  orifice 
by  the  length  i/2yA;  thus,  ifabo  tho  nreaof  the  orifice,  thedischarge  per  Mcondisiiv'2ffA    . 
cubic  feet.    Let  A  ^  20  inches,  and  1  =  1  square  inch,  then 

a  i/2j?A  =  i/{2  X  32-2  X  12  X  20)  =  »/164fi6  =:  124-3  cubic  inches.  I 

Since  a  ^2gh  is  the  discharge  per  second,  in  t  seconds  a  quantity  Q  will  be  discharged,    ' 
such  that  I 
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This,  Oierefore,  ezpreneB  tli«  time  in  which  a  propoied  qnaotity  Q,  of  the  fluid  will  he 
deliTered,  Q,  being  eipressed  in  cubic  feet. 

The  Tena  Coatntct*. — The  foregoing  conclnmons  respecting  the  velocity  irith 
which  a.  ftuid  Bponta  from  a  imal]  hole  in  the  veaacl  oontKining  it,  and  the  quantity  of 
the  fluid  delivered  in  a  given  time,  have  been  compared  with  many  oarefuUy  conducted 
experimenti.    The  most  Mtisfiictory  way  of  ascertaining  practically  tho  velocity  of  tie 
discharge,  is  by  obsetving  the  altitude  to  which  the  fluid  epouta  when  foiced  to  take  ai 
npWBid  direction,  as  in  the  accompanying  flgure.     If 
the  uniform  velocity  of  the  iaaoing  fluid  be  that  due  to 
the  fall  of  a  heavy  body  from  the  surftice  to  the  orifice, 
the  fluid  ought  to  Epout  up  as  high  at  that  anrface ;  and 
fuch  is  found  to  be  very  nearly  the  case.    We  might 
expect  that  the  tbeoretical  result  would  not  be  rigidly 
fulfilled,  but  that  the  height  reached  would  fall  a  little 
short  of  the  surface  of  the  fluid  in  the  vessel ;  becaueo 
fiiction  and  tho  reeietance  of  the  air  would  act  aa  op- 
posing forces.     Bnt  there  is  another  cause  in  operation 
which  must  now  be  noticed. 

When  a.  paaaage  is  made  in  a  vessel  for  the  exit  of 
the  fluid  contained  in  it,  the  equilibrium  of  the  entire 

mass  is  disturbed,  and  niotioii  takes  place  among  all  the  particles.  The  instant  that 
the  plug  is  removed,  the  velocity  is  due  to  the  direct  pressure  upon  it ;  but  as  lateral  ami 
oblique  pressuies  all  round  the  hole  cause  the  neighbouring  fluid  to  flow  sideways  to- 
wards the  main  stream,  when  thia  surroanding  fluid  reaches  the  aperture  it  does  so  witli 
a  certain  velocity  transverse  to  the  direction  of  tBe  main  stream,  which,  in  consequence, 
beeomes  slightly  contracted  a  little  beyond  the  opening.  This  contraction  of  the  fluid 
vein  is  called  by  Newton  the  vena  eonirada;  and  it  Is  through  the  section  of  the  vena 
Gontracta  that  the  flaid  flows,  as  we  have  supposed  it  to  flow  through  the  oriflce  itaelf. 
The  distanoe  of  tills  section  from  the  orifice  is  nearly  equal  to  the  radins  of  the  orifice, 
and  its  area  about  -fths  of  itaX  ot  the  oriSce. 

li^  thcreibre,  the  orifice  be  small — as,  for  instance,  a  gimlet-ht^  in  a  cask — tile  oon- 
AnradiDg  the  orifice  with  the  vena  oontraot*  can  occasion  but  very  little  error  in  the 
height  or  distance  to  which  the  fluid  spouts ;  bnt  a  confflderable  departure  fkim  the 
truth  will  result  from  calculating  the  quantity  of  fluid  deKvcred  in  any  time  on  the  sup- 
paeitiMi  that  the  seotional  area  of  the  spouting  atreab  is  A  instead  of  f  A ;  for  inatonce, 
iti  the  example  above  the  qoantity  of  fluid  discharged  per  second,  inatead  of  being  124'3 
cubic  inches,  is  only  777  cubic  inches. 

If  the  v(Mel  be  not  kept  full,  and  the  surface  be  therefore  allowed  to  descend, 
Telocity  with  whioh  the  deaoant  commencea  will  be  to  the  velocity  with  which  it  paases 
through  the  rena  contiacta  as  the  area  of  the  section  at  the  latter  to  the  area  of  the  i 
face  (page  190). 

Since  the  curre  which  tlie  fluid  gpouting  from  a  small  hole  in  the  side  of  the  vessel 
assumes  is  that  of  a  parabola— the  same  curve,  io  fact,  that  is  described  by  a  prejectile 
Bupelled  in  the  same  diieotion  and  with  tlie  aame  velocity  as  the  fluid  at  the  vena  oon- 
ttaeto — everything  cotuectod  with  orient  of  range,  time  of  describing  it^  greatest  alti- 
tude, &x.,  may  be  determined  as  in  the  theory  of  ^rejectiles :  the  following  are  a  few 
illusttationB : — 

If  the  fluid  spout  from  a  point  in  the  middle  of  the  upright  side  of  a  fuU  vessel,  Qa 


horizontal  range  will  ha  the  greatest ;  and  from  points  at  equal  diitonoea  above  and  below 
the  middle  point  the  ranges  will  be  equal. 

Let  A  B  be  tie  upright  aide  of  the  vesael  perforated  at  the  middle  point  C,  and  alao 
at  two  points  D,  £,  equidiatant  from  C. 

The  velocttj  'vith  which  the  fluid 
issues  from  one  of  the«e  points,  as  D,  ia 
that  which  would  be  acquired  in  falling 
through  B  D.  Since  gravity  acts  during 
the  whole  fall  of  the  fluid  to  T,  a  i 
tide  arriTea  at  P  in  the  time  that  a 
body  would  fall  through  D  A. 

Hence  the  particle  at  D  haa  a  hori- 
Bofttal  Telocity  that  would  carry  it  for- 
ward through  a  apace  equal  to  2  B  D  in 
the  time  that  a  body  would  fall  from 
BtoD;  consequently  we  have  only  to  find 
.   how  often  this  time  ia  contained  in 
1^  time  of  falling  from  D  to  A  and  to  n 
tiply  2  B  D  by  the  resulting  number,  in 
order  fo  get  the  horizontal  range  A  F.    Now  the  times  of  falUng  through  any  apacea  ar 
as  the  square  roots  of  those  apaoea  (Dtnamicb,  page  134),  therefore  the  required  mulfi* 
plying  number  "  »/  ^  ■  consequently, 

Eange  AF  =  2BD  X  J  ?^  =  2  v/BD.DA. 

If,  therefbre,  with  centre  C  B  semicircle  be  deacrihed  upon  AB,  and  the  perpen- 
dicular D  F  be  drawn,  the  range  of  AP  will  be  twice  the  length  of  this  perpendicnUr. 
(Euc.  XIII.  of  VI.)     [In  the  figure,  P  should  be  more  to  ths  right.] 

In  like  manner,  the  range  of  the  fluid  spouting  from  E  will  be  twice  the  length  of 
the  perpendicular  E  K ;  and  as  these  perpendiculars  are  equal,  being  equidistant  from  C, 
the  ranges  from  D  and  E  are  equal. 

As  the  peipendionlar  C  L  from  the  centre  C  is  tke  longest  that  can  be  drawn  from 
A  B  to  the  arc  of  the  aemicircle,  the  range  AB  ^  2CL,  of  the  fluid  spouting  from  C,  is 
the  greatest  of  all  ranges. 

These  theoretical  results  are  fuly  confirmed  by  experiment  when  the  orifices  in  the 
vessel  are  small,  so  that  the  vena  contraota  may  be  sufficiently  near  the  Teasel  to 
regarded,  without  sensible  error,  as  at  the  orifice  itself. 

As  the  perpendicular  B  F  is  the  sine  of  the  arc  B  F,  we  see  from  above  that  the 
horizontal  range  from  any  orifice  is  twice  the  sine  of  the  are  of  a  drde  whose  diameter 
is  the  depth  of  the  fiuid,  and  whose  Tcreed  sine  is  the  depth  of  the  orifice.  By  the 
depth  of  the  fluid  may  be  understood  the  depth  of  the  horiEontal  plane  on  which  the 
range  is  measured  below  the  upper  surface  of  the  fluid ;  for  whether  the  bottom  of  the 
vessel  be  in  this  plane,  or  be  raised  above  it,  makes  no  diflerence :  the  range  Iroia  any 
orifice,  measured  on  any  horizontal  plane,  is  the  same,  proTided  the  distance  between 
that  orifice  and  the  surface  be  the  aame,  whether  the  Quid  extend  down  to  that  plane 

Fhoslek. — A  fluid  issues  front  the  side  of  a  vessel  through  an  oblique  jet:  to 
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Let  a  be  tlie  angle  of  direction  of  the  jet  above  the  horizontal  Une,  and  k  the  height 
of  the  Burface  of  the  fluid  aboTO  the  orifice  :  thon  (Qtnauics,  page  113)  the  range  r  on 
the  horizontal  plime  through  the  ori£ca  will  be  r  ^  2/.  sin  la.  ThJB  ie  greatest  when 
sin  2a  is  greatert,  that  is,  when  a  ^  46°,  tie  range  then,  being  S  =  2A. 

The  velocity  wit2i  which  a  fluid  apouts  from  a  small  orifice,  as  the  snrfiice  of  the 
fluid  deaceadg,  varies  as  the  square  root  of  the  hei^t  of  the  earface  above  the  bole. 

For  the  velocity  at  any  instant  is  always  equal  to  that  acquired  by  falling  from  the 
Bur&oe  to  the  orifice,  and  thif  velocity  varies  as  tlic  square  root  of  the  space  fallen 
through :  henoa  tho  velocity  vaiiea  aa  the  square  root  of  the  height  of  the  sorfcea  above 
the  hde.  The  velocity,  therefore,  is  retarded  as  the  surface  descende,  but  not  uniformly 
retarded  uoleas  the  horizontal  seotions  of  the  vessel  arc  all  equal  in  area ;  for  the  more 
extensive  the  section — or  the  eurface  of  the  fluid — at  any  instant  of  the  descent,  the 
more  slowly  will  it  increeac  its  distance  from  the  top  of  the  vessel,  and  the  less,  there- 
fore, will  the  Telocity  of  the  iaauing  fluid  be  retarded. 

But  if  the  horizontal  sections  of  the  vessel  be  all  equal,  then  the  Telocity  of  the 
issuing  fluid,  as  likewise  iha  velocity  of  the  descending  sur&ce,  mil  be  unifonuly 
retarded. 

For  1st  V  be  the  velocity  of  the  descending  sur&ce  at  any  instant,  and  c  that  at  the 
orifice :  let  also  the  areas  of  the  aurface  and  orifice  be  A  and  a :  then  (page  195} 


Now,  as  shown  aboTS,  v  Tsriea  ai  the  square  root  of  the  space  t  between  the 
Jesoending  surface  aod  the  orifice :  we  may  put,  therefore,  i^t  for  v,  and  write 


T=>=^-.=../. 


by  putting  2/ for  (t)'.  Aa  this  agrees  with  the  general  espresaions  for  the  velocity 
in  uniformly  accelerating  or  rataiding  forces  (Dysa.uic8,  page  131),  we  infer  that  the 
Telocity  T  is  uniformly  retarded ;  and  since  f  is  V  multiplied  by  an  invariable  number, 
wo  omelude  that  t>,  the  velocity  of  the  spouting  fiuid,  is  also  unifuimly  retarded. 
CoDsequontly,  the  volumes  or  quantities  of  fluid  discharged  in  equal  tjmea  decrease  as 
the  numbers  1,  3,  5,  7,  &c.,  taken  in  reverse  order.  (Dyhauics,  page  13i.) 

If  a  vessel  of  uniform  horizontal  section  be  kept  constantly  full,  then  twice  the 
qnanti^  which  the  Tessel  holds  will  run  out  &om  a  hole  in  the  bottom,  in  the  same 
time  that  the  Tessel  would  empty  itaelf. 

For  the  eurface  of  the  descending  fiuid  is  uniformly  retarded  as  lie  fluid  runs  out, 
nad  when  it  arrives  at  the  bottom  the  velocity  is  destroyed :  the  apace  which  the 
surface  icould  describe  in  the  same  time,  with  the  first  velocity  of  it  unifermly  con- 
tinued, would  he  twice  the  actual  space  described ;  and  the  quantity  discharged  in  any 
time  wheu  tbe  vessel  is  kept  constantly  full,  is  the  same  as  what  teould  be  discharged  if 
the  Burfuca  descended  uniformly  with  the  fltst  velocity  :  hence  the  quantity  diacluuged 
in  the  one  case  is  double  tliat  diaehargcd  in  the  other. 

PaOBLBU. — To  find  the  time  in  which  a  vessel  of  uniform  horizontal  section  will 
empty  itself  through  a  small  orifice  in  the  bottom. 

Let  A  be  the  area  of  any  horizontal  section  of  the  fluid,  h  the  boi^t  of  the  vessel, 
and  a  the  area  of  the  orifice.  Then  the  quantity  of  fluid  that  would  be  discharged  in 
the  time  t  of  emptying,  if  the  first  Telocity  were  to  continue  uniform,  would  bo  twice 
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the  contents  of  the  Tciacl;  that  is,  the  quantity  would  be  2AA,  bo  that  if  v  be  the 
yelooity  with  which  the  fluid  would  then  uniformly  isntc,  we  should  bsTe 


B.l  p^  IM,  .  =  ,/H,»  ...  ,  =  i  X  S^  =  4^  f 

-which  therefore  eipreuei  the  Qumher  of  secoade  oocupiod  in  emptying  the  vessel  throngb 
the  orifice. 

It  fbilowsfram  this  czpresaloc  for  I,  tLat  the  times  of  emptying  cylinder*  or  prisms 
through  equal  orifices  in  their  bases,  vary  as  A^^h,  If  the  banes  of  the  yessela  be  equal 
in  area,  then  the  limea  rary  as  i/A.  If  tlie  altitudes  are  equal  the  times  Tsry  as  the 
bases.  The  time  of  emptying  any  altitude  h  —  A'  of  the  vessel  is  found  by  subtracting 
fhim  the  time  of  emptying  the  whole  height  A,  thetimo  of  emptying  the  height  h' :  thus, 


the  number  of  seconds  elapsed  during  the  descent  of  the  surface  of  the  fluid  fi^un  the 
height  h  to  the  height  /i'. 

The  time  in  which  the  surface  would  descend  from  the  height  &  to  the  height  h',  or 
the  time  in  which  the  fluid  occupying  this  interval  would  run  out,  if  Hie  vessel  were 
kept  constantly  full,  by  equation  (1)  page  196,  i« 
Q     _  A[4-l') 
ay/'lgh—     ay'2gh       '     '     '     '     \  '■ 

Hence  the  time  of  discharging  the  proposed  quantity  Q,  when  there  is  no  supply 
irom  without,  is  to  the  time  of  discliarging  the  same  qusnlity  when  the  vessel  is  kept 
ciHutanily  full,  as 

If  the  quantity  Q  be  the  whole  contents  of  the  vessel— that  is,  if  A'  be  lertt— then 
the  times  of  discharging  the  vesselful  of  fluid  in  the  two  cases  arc  as  2  to  1,  at  already 
inferred  at  page  1M>. 

In  order  to  test  the  accorscy  of  the  theory  by  experiment,  (1)  is  the  most  suitable 
fbnilnla  for  the  purpose,  since  the  time  occupied  by  the  sur^c  in  descending  from  one 
level  to  another  can  be  correctly  observed ;  but  the  instant  trhen  the  last  portion  of 
fluid  escapes  cannot  be  oocuiately  noted,  for  when  tlie  vessel  ia  near  exhaustion,  the 
fluid  ceases  to  All  the  oriflce,  and  is  discharged  in  drops  &om  the  edges  of  the  hole.  The 
time  occupied  by  the  surface  descending  through  a  ceilain  space  is  found  to  agree  very 
closely  with  the  theoretical  expression  for  it. 

T^e  ClepBTdn. — The  clepsydra,  or  water-clock,  is  a  eontrivsuoo  fbr  measuring 
time  by  the  descent  of  the  surfkce  of  water  in  a  vessel,  the  water  flowing  through  an 
orifioe  at  the  bottom.  The  most  convenient  form  for  the  vessel  is  that  in  which  the 
surface  descends  through  equal  vertical  spaces  in  equal  times.  This  fonn  may  be  deter- 
mined as  follows  ■ — 
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Let  tli«  ftltitode  of  the  Borfao*  at  an;  uistant  be  se,  and  tho  ladini  of  the  auifaoe, 
that  is,  the  corresponding  ordinate  of  the  generating  cuiTe,  y.  Then  the  Telocity  at 
the  orifice  at  that  instant  is  xfigx  (page  196),  and  lite  area  of  the  descending  Burftee 
its',  There  ir  =  3' 1416.  The  Telocity  T  of  the  descending  enxboe  ii  fbnnd  by  the 
theca«itt  at  page  195,  vhioh  girea 

«»  :  a  : :  v'2ff*  ;  T  =  — ,  v'2m 
'here  ■  i«  the  an*  of  the  orifice. 

Since  the  eur&ice  ii  to  descend  imifoimly,  T  miut  he  a  oonftont  qnantity,  which  cc 
be  suitably  aiminad  in  referanoa  to  the  whole  time  of  emptying :  patting  c  far  ihi  coi 
itant,  ve  haTo 


-st^a?^  .-■/  = 


^^=^- 


Thii,  therefore,  ia  the  equation  of  the  cmre,  the  totation  of  which  about  ita  vertical 
axis  t  will  generate  the  surface  of  Uie  vesaeL  This  generating  oarre  ia  a  parabola  of 
the  fourth  order. 

But  the  BurEace  need  not  be  a  snr&ce  of  revfdntion,  or  one  having  all  ita  horizontal 
sectiotu  circles.  They  may  all  be  iCotangles.  Let  the  aidee  of  the  rectangular  section, 
at  the  altitude  sc  from  the  baae,  bo  jr  and  p,  then  the  area  of  that  sectioQ  is  jiy,  and  w 

.=  '-v^  ...,.=^. 

10  that  if^  be  the  same  for  every  section — that  is,  if  the  rectangular  sectiona  have  all 
jie  same  breiLdtb — the  curve  bounding  the  vessel  towards  the  lengths  of  these  rad 
glea  will  be  the  common  paral)iJ&. 

Tbe  Keiistanca  of  Flnids.^AU  bodia*  raovicfr  in  a  fluid  are  impeded  in  their 
progress  by  the  resistance  of  the  fiuid,  which  must  itself  be  moved,  in  order  that  motion 
may  take  place  in  the  immersed  body.  The  regietance  to  motion  in  the  fluid  ia  of  course 
mainly  due  to  its  inertia ;  friction  and  the  tenacity  of  the  fiuid  add  somewhat  to  the 
resigtance,  but  the  retarding  influence  of  these  is  too  ineoiudderable  to  render  the  oon- 
aideration  of  them  of  much  practical  consequence. 

It  may  safely  be  assumed  that  the  resistance  on  a  plane  sur&ce,  moving  with  ■  given 
velocity  through  stagnant  water,  is  the  seme  as  when,  the  plane  being  at  rest  initeai' 
the  water,  a  stream  moving  with  the  same  velocity  acta  against  it. 

If  a  stream  act  perpendicularly  against  a  plane  surface,  or  if  the  snrfcce  aet  agai 
the  quiescent  fluid  by  moving  perpendicular  to  ita  surface  throngh  the  fluid,  the  res 
ance  will  be  as  the  area  of  the  plane,  the  density  of  the  fluid,  and  the  square  of  the 
velocity  conjointly. 

For  tlie  velocity  v  of  the  stream  being  regarded  as  mufimn  throoj^oiit  die  whole 
depth  of  the  plane,  the  reaistanee  is  the  same  at  every  point  of  the  plane,  and  t]ierefi»«, 
other  etretaiistanees  being  the  same,  it  is  proportional  to  the  area  A  of  the  plane. 

But  the  quantity  of  fluid  matter  striking  against  the  plane  in  a  given  time  is  [ 
portional  to  the  density  and  velocity  of  the  fluid  conjointly;  and  this  quantity  of  matter 
stnkM  with  a  vdodty  «,  and  therefore  witb  a  momentum  equal  to 

quantity  of  matter  x  ^• 
Hence,  Dbeiogthedensity  of  the  fluid,  the  reaistanee  efthe  area  A  varies  as  AD(^. 

If  a  body  were  to  All  by  tho  fbrco  of  gravity  till  it  aoquires  tho  velocity  o  of  tho 
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rtream,  tlie  ■pace  Mea  through  would  be  »  =  J  ~  (DruAMica,  page  1 34) ;  tbia,  thei-e- 
ton,  would  TU7  u  the  e^nafe  of  the  Telocity,  so  does  the  resiafanoe  ADv* ;  lienee  the 
reaiitHice  Tadea  aa  the  wei^t  of  a  ooluma  of  the  fluid  whoae  haae  ii  t^  aces  of  the 
plane,  and  altitude  the  epace  through  vbich  a  heaTf  bod;  must  fall  to  av([uiie  the  Telo- 
city of  the  stream  or  of  the  moTing  plane. 

1^  force  with  whieh  a  etream  acts  perpendicularly  upon  a  plane  opposed  to  il 
obliqoely,  varies  as  the  square  of  the  sine  of  the  inclination  of  the  pi 


Let  A  B  and  L  N  be  saataoni  of  the  plane  and  a 


1  the  direction  of  the  latter ; 
diBw  A  C  in  that  dii«ctii»i,  meet- 
iiig  S  C  perpendicular  to  A  B  in 
C ;  draw  also  B  D  peFpendicular 
to  AC. 

How  the  quantity  of  fluid  ai 
iiig  against  A  B  is  the  same 
that  which  acts  peipeodiuulorlj 
Ogainst  D  B ;  it  varies,  there- 
fore, as  the  lengUi  of  B  D ;  that 
is,  aa  the  sine  of  the  angle  A. 
If  tiie  Telocity  with  which  this 
quantity  n 

of  the  stream  be  represented  by  AC,  then  B  C  will  represent  Uie  velocity  with  which  it 
moves  perpendicular  to  A  B ;  and  just  as  B  D  variea  as  Oie  sine  of  the  angle  A,  st 
doee  B  C  vary  aa  the  slue  of  &6  angle  A ;  hence  the  force  with  which  the  etream  ftcb 
peipendioularly  upon  the  plane  vaiiee  aa  sin'  A. 

The  force  impelling  the  plane  in  the  direction  of  the  stream  vanei  >■  the  cube  of  the 
sine  of  the  incliiurtiaa  of  the  plane  to  that  direction. 

Let  B  C,  perpeodicalar  to  A  B,  represent  the  force  on  A  B  perpendicular  to  it ;  this 
may  be  resolved  into  two  forces 

BD,  DC,  the  hater  DC  in  the         „  "   ,  

direction  of  the  stream,  and  the 
former  B  D  perpendicular  to  that 
direction.  Now  D  C|  the  force  in 
the  direction  of  the  stream,  varies 
as  BC  Bin  DEC,  that  U  as  BC  sin . 
A;  but,  aa  Ehovm  above,  BC  it- 
self varies  as  sin^  A,  therefore  ihe 
force  Id  the  direction  of  the  stream 
varioa  aa  sin' A. 

This,  of  course,  la  on  the  as- 
sumption that  the  other  compo- 
nent of  the  fbrco  of  the  stream  in  Ita  own  direction— namely,  the  component  represented 
by  B  A,  in  the  direction  of  the  plane  itaalf— is  of  no  effect. 

The  force  B  D,  perpendicular  to  the  stream,  is  aa  BC  cos  DBC  =  BC  cos  A ;  hence 
the  force  with  which  the  stream  impela  an  oblique  plane  upwards,  in  a  direction  perpen- 
dicular to  the  stream,  varies  as  sin^  A  coa  A. 

It  muat  be  observed  that  in  the  foregoing  propositiona  the  plane  is  regarded  »e  fixed 
while  receiving  the  force  of  the  stream,  or  else  the  fluid  is  regarded  ai  quiesc^it  and  the 
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plane  as  moving  thruugh  it  If  both,  be  legonled  «s  moTing  in  the  same  oi  in  opposite 
directions,  then  the  TeIoait7  spoken  of  aboTs  must  be  oonsideredssthe  nlatiTe  Telocity; 
that  is,  it  is  the  difieroDoe  of  the  velocitiea  if  the  plane  and  stieam  nave  in  the  Bame 
direction,  and  the  sum  of  the  velocities  if  they  move  in  the  opposite  directioii.  "Una, 
if  y  be  the  velooitj  of  the  stfeam,  and  v  the  velooity  of  a  float-board  of  an  undershot 
water-wheel,  then  the  peipondioular  pressure  on  the  float-board  will  vary  as  (V  —  »)'. 

The  student  has  already  been  apprised,  at  the  commencement  of  the  present  brief 
tract  on  the  motion  of  incompreeaible  fluids,  that  Uie  leenlti  of  the  mathematica]  theory 
often  require  considerable  modiflcation  to  render  them  acciwdant  with  actual  ezperimenL 
This  arises  &om  the  difBculty  of  SMigning  correct  values  to  all  tiie  circumstances  attend- 
ing that  motion.  We  have  seen,  in  treating  of  fluids  »ponting  from  an  orifice,  that 
observation  has  discovered  that  the  ocifloe  is  not  the  narrawest  channel  through  which 
the  stream  nnifonuly  flaws,  and  consequently  that  the  velocity  there  is  lees  than  at  the 
vena  coutraota,  which  ought  therefore  to  be  regarded  as  the  true  orifloe. 

It  was  found  by  Newton  that  the  velooity  at  the  vena  contracta  is  to  the  velocity  of 
le  orifice  as  )/2  to  1 ;  and  since,  in  blling  bodies,  the  spaces  pa»ed  through  are  as  the 
squares  of  the  veloeitiM  acquired,  it  follows  that  the  space  to  be  fallen  through  to  give 
a  body  the  velocity  with  which  the  fiuid  spouts  from  the  ariJlM,  is  only  half  the  space 
necessary  to  give  the  velodly  at  the  Tena  contracta ;  that  is,  the  velodty  at  the  orifice 
would  be  acquired  by  a  body  falliog  through  only  half  the  altitude  of  the  aurface  above 
the  orifice. 

In  like  manner,  in  treating  of  fiuid  resistances,  the  commonest  observaljoa  shows 
that  a  stream  impinging  upon  a  plane  eor&ee  cuwot  have  the  full  effect  which  theory 
assigns.  The  vtjocity  of  the  abeam  is  to  a  entain  degree  impeded  by  what  may  be 
t«nnGd  the  back-water )  moreover,  the  vdooity  is  not  in  general  the  same  at  all  depths. 
Yet  the  results  of  theory  may  usually  be  applied  with  safety  in  the  comfuf-um  of  different 
similar  cases :  for  instance,  the  comparative  results  as  to  quantity  of  fluid  ditchirgcd, 
time  of  emptying,  £o.,  &om  equal  orifices  in  two  different  vessels,  disregarding  the  vena 
contracta,  would  accord  very  neady  with  eiperiinent.  And,  in  like  manner,  fluid- 
pressures  may  be  relatively  estimated  and  computed  from  theory :  for  instaoce,  thou^ 
theory  may  assign  an  erroneous  value  for  the  efl^  of  a  stream  upon  the  rudder  of  a 
ship,  yet  the  poflition  of  prtatttt  effect  as  deduced  from  theory  may  very  well  accord 
widt  actual  observation ;  so  the  effect  of  a  stream  of  water  upon  the  floats  of  a  water- 
wheel  amy  be  incorrectly  assigned  by  theory,  and  yet  the  degree  in  which  the  velocity 
of  the  wheel  should  fall  short  of  that  of  the  stream,  in  order  that  the  grtatett  efiect  may 
be  produced,  is  fbund  to  be  verified  pretty  closely  by  practical  experience. 

To  determine  paitioular  values  for  the  ouimown,  or  arbitrary  quantities,  which 
nter  into  a  general  eipression,  so  that  for  those  values  the  eipresaion  may  be  a  mazi- 
lum  or  a  minimum,  requires  the  aid  of  the  differential  calculus.  But  in  the  two  cases 
mentioned  above,  the  principles  to  be  employed  are  so  elementary,  and  the  knowledge 
required  of  that  science  so  trifling,  that  although  in  general  we  are  interdicted  irom 
using  the  calculus,  we  shall  give  the  two  pFoblems  adverted  to  aa  a  conclusion  to  the 
present  portion  of  our  subject.  We  may  premise,  however,  that  in  order  to  detenoiae  f 
so  that  any  expression  of  the  form 

A  +  Bi4-Ci"+Dt'  +  Ao.     ....     (1) 
may  be  a  maaimum,  all  we  have  to  do  is  to  disregard  the  tenn  independent  of  sr— that  is, 
the  term  A — to  write  down  all  the  other  terms,  first  converting  each  tipontnt  of  z  into 
a  fiictor,  and  writing  each  exponent  a  unit  smaller  ;  thus 
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B  +  2C«  +  3Dj»  +  &c., 

a  0 :  tiat  ie,  to  •olye  the  equntion  B  +  SCr  +  3D«» 
-|-£c.  ^0.    Tlwnlne  of  x,  imoemaijto  render  (1)  the  greatest  poniUe — if  it  am  be 
made  the  greatsrt  poaaible  for  any  ralue  of  x — will  be  toaoA  by  BolTing  this  eqnitlioD. 
PaoBLHii. — To  find  the  angle  at  which  Ae  rudder  of  a  ship  nrait  bs  indined  to  the 
TMun  so  that  the  efTeot,  in  the  direction  perpendiculn  to  the  atream,  maj  bo  I' 
reateat  possible- 
It  baa  been  acen  abore  that  the  eSbot  Taiiea  aa 

Bia*  A  cos  A,  or  aa  (1  —  00^  A)  coa  A=;  om  A  — eoi*A  =  x  — x> 
'hers  X  ia  pnt  for  the  cosine  of  the  raqoired  inclinMioii. 

.-.1  — 3*»  =  0     .-.«=:»/* 
hence  the  angle  whoao  coatDs  ia  \/i  will  be  the  inclinatim  necessary. 

PaoBLKii. — The  Telodty  V  of  the  ttieam  being  giren,  to  determine  the  velocity  v  of 
an  nnderahot-whsel,  so  that  the  greatest  poaaible  effect  ni&y  be  produced. 

The  pressure  upon  the  same  area  of  float-board  will  vary  as  (T  —  r}*.     As  this 
^reasare  moves  with  the  velodty  e,  the  eJfeot  will  he  gfe>t«»t  when 
{V  —  »)'!'  =  V>r—  aVe'  +  «»  =  a  mazimnra ; 
n  Older  to  whioh,  the  unknown  qnanti^  e  mnst  ntiat^  the  condition 
V^— ♦Vc  +  3»»  =  0 
The  aolntion  of  this  quadratic  giTca 

«  =  V,  and«  =  JT 
The  first  value  of  v  mdos  He  proposed  oipresaion  a  minimum :  that  is,  the  least 
quantity  of  woii  ia  perfbrmed  by  the  wheel  when  it  moves  with  the  same  velocity  as 
Iream — which  ia  obvions :  the  Other  valne  of  oia  that  which  renderstha  eipresaion 
jiinimi ;  and  shows  that  the  greatest  amount  of  woA  is  perfbnned  when  the  wheel 
It  with  a  velocity  equal  to  one-third  the  velocity  of  the  stream.  But  for  the  prac- 
tioal  e^cta  of  water-power,  acting  throjigh  the  medinm  of  watei-wheels,  and  other 
hydraulic  machines,  the  student  is  refsired  to  the  treatise  on  Pkacticai.  MEOouaics  ir 
the  present  volume. 
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The  fluids  b«atad  of  in  tlie  fOTegoiog  ortiolei  ore  all  rcgirded  a«  inelutio  or  inoom- 
prosaiMe  fluids  :  it  Tcmaina  fbr  iu  to  deTote  a  few  pagsa  to  Hie  coiuideratiom  of  elutio 
or  compreBiibU  fluids.  Tlie  moat  important  of  tbete  ifl  the  atmoBphere  with  vhioh  we 
are  BuiTounded ;  and  it  is  an  eapacial  nteieDce  to  tliiB,  that  the  examination  of  tlte 
mechanical  propertjea  of  daatie  flnida  ia  Mid  to  belong  to  the  aoienee  of  iWw)Mtut-~ 
&om  a  Qreek  term  signiiying,  tlie  air  we  breathe. 

Tifcnaml— Ion  of  gi«m»»»«:  Co^jra— Ion. — The  mechanical  properties  of 
clastic  and  inelastic  fluids  are  in  many  important  partioolan  the  same :  the  fundament*! 
principle  in  Hydrostatics,  for  instance, — namely,  that  a  prewure  applied  to  the  sui&oe 
of  a  fluid,  is  trausmitted  uudinuuiahcd  in  aJl  direotioDi  tliroughout  the  entire  volume  of 
the  fluid, — holds  equally  whethertbe  fluid  be  elastic  or  inelastic ;  and  in  both  caac«  may 
be  put  to  the  teat  of  experiment  in  the  same  way.  If  tlie  piaton  A  at  page  162,  play  in 
a  metal  cylinder  projcotiiig  into  the  interior  of  the  vesad,  and  Hie  piston  be  forced  in- 
wards along  the  tube  by  a  pressure  or  weight  of  1  lb.  say,  it  will  adianoe  under  tliia 
preuure  along  the  tube  end  then  stop :  and  it  will  be  fbund  thftt  an  additional  preaaure 
of  1  lb.  muat  be  applied  to  the  piston  B  to  prevent  its  being  forced  out. 

In  the  case  of  a  liqmd  the  only  eSeot  of  the  preuure  on  A  is  the  ttaimnission  of  it 
to  every  portion  of  the  surface  of  equal  area.  In  the  caae  of  the  air,  there  is  another  and 
a  distinct  effect  observably  produced— namely  the  ooiopresaioD  of  the  fluid  into  amellet 
volume ;  and  it  is  found  by  eipeiiment  Ibat  the  volume  diminishes  just  as  the  pressure 
increases :  in  other  words,  that  the  space  into  which  any  quantity  of  air  is  forced  to 
compress  itself  ia  inversely  as  the  pressure  applied.  How  tliis  truth  wss  aaoertiuned 
we  shall  explain  presently :  it  ia  necessary  fiiat  to  eatsbliak  the  &ct  that  air  baa  weight. 
It  ia  possible  to  conceive  that  a  aubitance  like  air  may  have  the  property  of  transmitting 
preseore,  yet  that  it  may  not  itself  be  a  pressing  or  weighty  aubslaiioe. 

Expeiliuental  Proof  of  AtnuwplLeilc  Piosaoj*.— But  that  the  air  ex- 
ercisea  preaaure,  may  be  proved  by  many  easy  eiperimenia:  the  boys'  saoker  is 
familiar  to  everybody.  This  toy  conaiala  of  a  piece  of  leather  with  a  string  pasaing 
through  a  perfomtian  in  the  middle :  upon  beiog  vetted  so  as  to  exdude  the  air,  nhen 
it  ia  preaacd  close  to  a  amootli  siuface,  it  ia  found  that  conaiderable  force  muat  be 
applied  to  the  string  to  detach  the  aucker ;  and  if  the  snx&ce  of  it  be  Urge,  a  atone  of 
GOQUderable  weight  may  be  Hiua  lifted.  What  ia  it  that  thua  preaaea  the  sucker  and 
stone  BO  firmly  together^  We  are  compelled  to  answer  the  air,  which  surrounds  them 
both  ss  if  tliey  were  one  body.  Before  the  sucker  woa  applied  the  air  surrounded  U : 
the  pressure,  if  any,  was  alike  on  its  upper  and  under  auifacc  :  but  wlien  affixed  to  the 
atone  the  prestiu^  on  the  under  aur&oe  of  it  was  excluded,  while  that  on  ihe  upper  aur- 
face  remained  the  some ;  and  as  an  equal  pressure  ia  exerted  on  tbe  corrcaponding  area 
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of  the  under  mrtaoe  of  the  ttoae,  tho  tiro  «ie,  u  it  irare,  thm  pincliect  or  preased 

Again  :  talcs  >  glan  tulie,  a  foot  or  two  long,  open  at  both  ends,  and  therefbre  full  of 
ir ;  plunge  one  end  into  a  Teasel  of  'water :  then  we  kniTw  trom  &b  tint  principlea  of 
Hydroctfitica,  that  the  level  of  the  water  will  be  the  aame  both  outside  and  within  the 
tube.  Let,  now,  the  air  in  the  tube  be  drawn  out  by  flie  mouth,  or  pumped  out  by  a 
machine  fitted  for  the  operation ; — the  water  will  be  aeen  lo  rise  within,  and  at  length 
!o  fill  the  tube ;  and  if  tihe  t^timb  be  qnicUy  applied  to  the  top,  so  as  to  prerent  the  re- 
idminion  of  the  air,  the  water  thui  filling  the  tube  wilt  remain  suspended,  juat  s.?  it 
would  do  if  an  additional  column  of  water  of  t^e  same  height  as  the  onimmerBcd  part 
of  the  tubo  pressed  upon  the  aor&ca  of  the  water  in  the  vessel.  In  the  absence  of 
this  additional  oolonm  of  water,  what  is  it  that  sustiuns  the  water  in  the  tube  ?  We  arc 
■gain  compelled  to  answer,  the  pnsiure  of  the  air  which  supplies  its  place. 

We  hare  here  snppiMed  the  tube  to  be  only  a  fi>ot  or  two  long  for  conrenience,  but 
eareftil  experiment  has  prored  that  with  a  tubo  of  sufficient  extent,  eihsostod  of  air, 

water  would  net  cease  to  rise  till  it  had  attained  the  elevation  of  about  32  feet ; 
which  Kmit  attained,  it  would  remain  stationary.  On  thia  lat^  scale  the  eiperimont 
was  actually  performed  in  164?  bytheoelebiBted  Pascal:  he  procured  glass  tnbca  closed 

n»  end,  of  forty  feet  long,  and  found  that  when  filled  with  wat«r  in  a  deep  river, 
and  then  raised  vertically  with  the  open  end  downwards,  the  fluid  ceased  M  fall  when 
water  in  the  tube  stood  at  abont  32  English  feet  2  J  inches  from  the  surface  of  the  river. 
Thia  experiment  clearly  proved  that  the  pressure  of  the  whole  atmosphere  on  any  snr- 

I  wie  equal  to  flie  pressure  of  a  column  of  water  32^  feet  high  on  the  asmo  surfAcc . 
And  thus  was  satisfiictorily  shown  not  only  that  air  has  weight,  but  what  amount  of 
'eight  was  Bostuned,  by  a  given  area  of  the  surface  of  the  earth  pressed  npon  by  th  o 
tmoapberio  column  resting  upon  it :  the  weight  sustained  would  be  equal  to  that  of  a 
eolumn  of  water  on  the  same  urea  about  33^  feet  high. 

The  same  oonclnsion  is  obtained  with  a  more  manageable  length  of  tnbe  by  using 
mercury  instead  of  water.  And  in  this  way  the  experiment  had  been  tried  previously 
by  Tonicelli,  and  it  is  hence  called  the  Torricellian  esporimcnt : — it  led  to  the  in- 
vention of  the  barometer.  When  a  tube  about  three  feet  in  length,  and  closed  at  one 
end,  is  filled  with  mercury,  and  then  inverted  in  a  basin  of  that  fluid,  the  eolumn  of 
mercuiy  held  suspended  in  the  tube  is  fonnd  to  be  about  29  inches  above  the  surface ; 
and  as  mercuiy  is  about  13^  times  the  weight  of  the  same  volume  of  water,  we  arrive 
ttt  the  same  result^ — namely,  that  the  ptesBure  of  the  atmosphere  on  any  area,  is  the 
same  as  the  pressure  of  a  column  of  water  on  that  area  of  about  the  height 
29  X  13J  inches  =  about  Z2i  feet. 

An  exact  correspondence  between  the  results  of  such  experiments  made  at  wide 
intervals  of  time  mnst  not  be  expected,  because  the  weight  of  the  atmosphere  fluctuates, 
like  the  other  changes,  in  its  condition.  The  average  height  of  the  mercurial  column  is 
about  30  inches,  the  ordinary  rango  being  between  28  inches  and  31  inches ;  and  as  30 
cubic  inches  of  mercury  weigh  about  IS  lb.,  every  square  inch  of  the  surface  of  the 
earth,  at  the  level  of  the  sea,  tnstaint,  on  the  average,  151b,  of  atmospheric  pTeseure. 

Weight  of  &  ToliUBe  of  Alx. — Besides  the  foregoing  methods  of  proving  that 
the  whole  atmosphere  exerts  a  pressure  upon  the  globe  of  the  earth  equal  to  that  which 
would  be  exerted  by  a  sea  of  mercury  30  inches  deep,  covering  its  entire  soi&ce,  a  defi- 
le portion  of  the  air  about  us  may  be  ttlcen,  and,  like  any  other  material  substance,  be 
actually  weighed  in  a  balance. 
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Let  a  vaaeel  containing  a  cubic  foot,  that  ia  1000  onnces,  of  wal«r  be  provided  with 
a  Btop-cock  tctswed  upon  iU  neck.  This  vessel  may  be  exhausted  of  its  air  by  aid  of 
the  air-pomp,  a  machine  irhich  irill  be  hereafler  described.  Thus  emptied,  nod  the 
Btop-cock  closed  «o  as  to  prerent  the  readmiasion  of  air,  let  the  yessel  bo  accurately 
weighed  in  a  very  sensible  balauce.     (See  SriTice,  page  111.) 

When  the  exact  counterpoise  is  thus  ascertained,  let  the  stop-cock  be  opened  and  tbi 
air  admitted  into  the  vessel ;  the  vessel  thus  filled,  witb  the  stop-cock  again  closed  b 
cut  off  all  external  pressure,  will  be  seen  at  once  to  preponderate,  and  we  aball  find  i 
necessary  to  put  about  623  grains  of  additional  weigM  in  the  other  scale-pan  to  restore 
the  equilibrium ;  thus  showing  tbat  a  cubic  foot  of  air  at  the  surface  of  the  earth  weighs 
about  G23  grains. 

We  cannot,  of  course,  speak  accurately  as  to  a  few  grains  more  or  less,  but  it  will  bi 
always  found  that  at  least  an  ounce  more  weight  will  bo  required  to  counterpoise  the 
vessel  when  fall  of  air  than  was  required  before  the  air  was  admitted. 

It  is  in  this  way  ascerUined  that  when  the  barometer  stands  at  30  inchea  and  the 
temperature  of  the  air  is  52"  of  Fahreuheif  a  thermometer,  the  we^ht  of  water  is  to  the 
'eight  of  an  equal  volume  of  the  air  around  us  as  S40  to  I. 

Smt  of  Bianlattv. — Having  thus  eeCablisbed  the  truth  of  the  propositioD  that  air 
has  weight,  we  may  now  proceed  to  explain  the  way  in  which  the  law  of  Uarriotte, 
namely,  that  the  volumes  into  wlucb  air  may  bo  compressed  are  inversely  as  the  pres- 
ires  applied,  ia  arrived  at. 

LetDAC  be  a  bent  tube  of  equal  bore  throughout,  or  at  least  equally  wide  throughout, 
le  shorter  vertical  leg.  Conceive  tliis  tube  to  be  at  fiiBt  open  at  both 
ends  C  and  D,  and  let  a  little  mercury  be  poured  in,  so  as  to  flE 

bend  of  the  tube ;  the  level  of  the  mercury  at  A  and  B  will  be 
at  the  same  height  AB  in  each,  tube,  however  dissimilar  the  two 
portions  of  the  tube  may  be  (HtimosTATics,  page  187).  Now  lot 
the  end  C  be  closed,  and  let  such  a  quantity  of  mercury  be  poured 

,t  D  aa  will  cause  the  surface,  originally  at  C,  to  rise  to  B',  half- 
way between  B  and  C.  Upon  measuring  the  additional  column  of 
mercury  thus  introduced  into  the  tube— that  is,  having  previously 
marked  the  level  0  of  B'— if  we  now  mark  the  level  E  when  tie 
Buifaoe  B  baa  risen  to  B',  we  shall  find  fliat  the  length  of  tho 
mercurial  column  0  E  is  exactly  equal  to  that  of  the  mercurial 
'  'Tim  (as  shown  by  the  barometer)  which  represents  the  weight 
of  the  atmosphere.  The  inference  is  this ;  when  the  surface  A 
sustained  the  pressure  of  only  the  column  of  air  above  it,  the  air 
in  tho  shorter  leg  occupied  the  space  B  0 ;  the  air  in  B  C  was  ibta 
compressed  into  the  volume  it  then  had,  simply  by  the  weight  of 
the  atmosphere  applied  upwards  to  tho  surface  B. 

But  when  the  weight  of  tico  atmospheric  columns  pressed  on 
the  surface  B,  that  is.  the  weight  of  the  barometric  column  of  mer- 
ry in  addition  to  the  atmosphere,  then  (he  volume  of  air  in  B  C 
copied  only  half  the  space,  namely,  B'C;  that  is,  the  original 
volume  was  compressed  by  the  double  pressure  into  half  its  former  bulk.  Again,  ii 
another  column  of  mercury  be  poured  into  tho  tube  at  D,  till  the  air  in  the  other  leg 
occupies  only  one-third  of  its  original  volume,  we  shall  Snd  that  the  height  of  the 

ire  column  of  mercury,  measuring  the  difference  of  the  levels  in  two  legs,  is  twice 
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that  of  the  baiometnc  colunin ;  eo  tiiat  the  air  in  B  C,  vhen  prewed  upwarda  by  the 
weight  of  l/irtt  atmospherea — the  atmoaphere  itself  piegaing  on  t^  upper  lurfaae  of  the 
mercmy  and  the  doable  barometric  colmon — is  compressed  into  oni-lAird  of  its  originkl 
Tolume.  Resultj  in  harmony  witli  then  are  alwSTi  found  to  follow  whatever  fractional 
portion  of  the  whole  atmospheric  pressure  be  applied,  and  Uiua  the  law  is  experimentally 
established,  that  the  volumes  into  which  air  is  ccmpreased  by  prcisuita  are  inTeraely 
na  Uie  intensities  of  those  pressures.  And  this  is  only  saying  that  the  densities  are 
directly  proportional  to  the  pressures. 

As  it  is  the  elostie  force  of  the  condensed  air  that  thus  balances  the  additional 
presmrea,  we  further  infer  that  the  elastic  force  ia  propoitiooal  to  the  density  oc  to  the 
force  of  compresaion. 

A  form  somewhat  mote  mathematical  may  be  given  to  the  fbregoing  account  as 
followa : —  - 

The  mercnry,  at  first  poured  into  the  tube  at  B,  sUndiog  at  the  same  levi^  A  B  in 
iKith  legs,  and  the  end  0  of  the  tube  being  then  closed,  the  space  B  C  is  occupied  by  the 
air  in  its  existing  state  of  atmospheric  pressure  at  the  time  of  the  cxperimcat,  which 
pressure  is  indicated  by  the  column  of  mercnry  in  the  barometiic  tube  at  that  timi 
Fieah  mercuTj  is  now  poured  in  at  D  ;  its  sur&ce  reaches  the  level  !E  in  one  leg,  and 
some  lower  level  B'  0  in  the  other,  showing  that  the  pressure  of  the  air  originally  o( 
pying  C  B,  by  now  being  forced  to  oontntct  itself  into  C  B',  exercises  an  inoreased 
pressure ;  so  that  now  it  not  only  balances  the  pressure  of  the  atmosphere,  in 
original  state  at  D,  but  also  the  column  at  mercnry  0  E. 

Let  H  be  the  height  of  the  meroury  in  the  barometer ;  then  the  pressure  on 
original  volume  of  ^r  B  C  is  that  of  a  column  of  mercury  of  base  B  and  height  H,  while 
the  pressure  on  the  condensed  volume,  B'  C,  is  that  of  a  column  of  mercury  of  the  same 
buse  and  of  the  height  H  -^  £  0.  Now,  wherever  B'  may  be,  it  is  found  by  actual 
measurement  that 

H  +  EO  :  H  ::  BC  -  B'C; 
and  the  pressures  and  volumes  being  as  these  linear  dimensions,  it  follows  that 
Pressure  on  B'  C  :  Pressure  on  B  C  ;  .  Volume  B  C  :  Volume  B'  C. 

And  the  same  proportion  is  found  to  hold  whaterer  be  the  original  density  of  the 
air  experimented  upon ;  and  it  equally  has  place  for  all  elastic  fluids, 

The  foregoiug  law,  although  generally  called  the  law  of  Marriotte,  is  equally 
entitled  to  bo  called  Bojla'a  law ;  as  it  was  announced,  independently,  by  the  latter 
philosopher,  at  nearly  tho  same  time.     It  was  discovered  by  Boyle  in  the  year  1662. 

Since  the  force  of  compression  on  the  air  near  the  surface  of  tlie  earth  ia  that  due  t^ 
the  weight  of  the  euperincumbent  atmoaphere,  it  fullowa  that  the  air  must  be  rarer  the 
higher  we  ascend;  rarer,  for  jnatanco,  at  the  top  of  a  mountain  than  at  its  base,  a  truth 
that  has  been  turned  to  practical  account  in  tho  way  of  Bieasuricg  tho  height  of  a 
mountain  by  observing,  with  the  barometer,  tho  diifetence  of  atmospheric  pressure  at 
top  and  bottom. 

With  the  general  theorelioBl  principles  and  the  practical  construction  of  this  useful 
instrument,  wo  here  presume  the  reader  to  be  already  acquainted;  for  although  some 
account  of  the  theory  of  the  barometer  might  reasonably  be  expected  in  a  treatise  oit 
PneumaticB,  yet,  as  the  subject  has  been  aufficiently  discussed  in  the  METEoaoLOQY,  in 
tho  present  aeries,  and  as  the  space  now  at  our  disposal  ia  too  limited  to  permit  of  our 
indulging  in  repetition,  we  must  refer  for  the  requisite  information,  upon  what  concems 
the  barometer  and  thennamet«r,  to  the  iuterestiiig  treatise  just  mentioned. 
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DaiuitT  of  tlM  AtauMplMca  %t  SUTeiant  Raigliti. — Since  the  deDiitf  of 
lit  ■viiifa  directly  u  tlie  praasure  suitained  by  it,  the  higher  TBi^onB  of  the  ttmoiphere 
luiving  a  lea  Buperincumbent  losd  th&n  the  lover,  muat  be  [Koportionally  leu  deose. 
This  weight  or  praMurs,  u  «lre&d7  noticed,  will  be  ftOected  b;  temperaturs :  end  more- 
9  particle,  or  volume  of  air,  will  woigti  leu,  the  higher  it  ii  dtuated 
above  the  mr&ce  ol  the  eertb,  on  wconnt  of  the  diminution  in  the  force  of  gravity. 
But,  leaving  these  ooniparativelf  unimportant  modifying  influences  out  of  consideration 
— nniinpcrtant  at  least  formodwale  altitodel — and  regarding  both  the  temperature  and 
theforee  of  gravity  Muniibrm,  we  may  prore  tiiat : — The  deniity  of  tbioatmoiphereat 
difibrent  heights  above  the  auriace  of  the  earth,  varies  thus, — namely,  whm  the  heights 
incieaM  in  arithmetical  progression,  the  decaitias  decrease  in  geometrical  {^egression. 
Conceive  a  nntfoim  alendor  column  of  the  atmosphere  to  be  divided  by  horizontal 
)ctiansiato  n  eqoal parts;  the  number  n being  so  g'i«at,  that  each  thtnetraCiun  of  a~ 
lay  be  regarded  as  of  uniform  density :  then  commenciDg  at  the  bottom  or  &r, 
zatum  Sj,  the  aereral  strata  may  be  denoted  by 

"i.  ■*  »).  »i ».■■■■     (1) 

and  their  deniitiet  by 

rfi,  d„d„a„  ....  d,  ...  .  (2) 
Boiently  explained  (Htdbostatics,  page  166)  tbal^  in  speaking  of  the 
density  of  any  substance,  we  always  have  reference  to  some  assumed  nait  of  density, 
and  that  the  weight  of  the  unit  of  volume  (the  unit  of  weight)  of  the  standard  sub- 
■tuioe,  multiplied  by  the  nnmerical  ezpreaatoD  (D)  for  the  density  of  any  other  aub- 
■tance,  gives  the  wei^  of  a  onit  of  voltime  of  that  other  substanoe.  The  abstract 
tmmbers  (2)  therefore  will  equally  express  ths  number  of  units  of  vei^t  of  the  volumes 
(1),  provided  ve  take  the  magnitude  of  d,  or  o^  &0.,  for  that  of  the  unit  of  volume :  and 
le  at  liberty  to  do,  for  in  all  investigations  qui  unit  of  a 

It  may  be  wall,  however,  in  order  to  prevent  confusion,  to  writs  the  nnmben  (2), 
wh«n  regarded  as  so  many  units  of  weight,  thus,  namely : — 

•">.  •'s.  "*. *».■ 

Then,  as  the  dentitjr  of  any  stratum  of  ur  varies  with  the  weight  or  prouure 
ustains,  we  have 

d,:  d^::  «i,  +  «.,  +  wj  +  .  .  .  +  «.  ;  «,  +  «,^  +  .  .  .  +  «,| 
rf,:<,::«',  +  «4  +  «,+  ...  +«',:«'.  +  «.  +  .  .  .  +  «.     (3) 
^:i4  ::».  +  «..  +  «.,+  .  .  .+».:«,  +  «,  +  ..  .  +  „.) 
to.  &lt.  &c. 

But  d,  :  dj  ::  tn,  :  iiij\ 

d,:  J,  ::«.,:«.,    (4) 
^:<l4:t  «.,:«,»       . 
Heooe,  putting  w  fi>r  ^  in  the  foregoing  proportions,  alternating  and  oompoonding  the 
w  (AujEBKA,  page  220),  wo  have 


■«.  +  «)  +  "*  +  ...  +  «-, 
:«^  +  "*  +  «'.  +  . ..  +  «'. 
:»*  +  ".  +  '<'.  +  ■■■.+  «'. 


:  Wi  +  «^  +  «'.  +  «i+--  +  «',.  : 

:«,  +  «., +  «.,  +  »,  +  ... +w,  : 

:  <c,  -f-  M4  -(-  w,  -I-  (K,  +  .  .  .  -4-  u>.  : 
OoDaeqamtly,  alt«matin|^  and  havii^  r^ard  to  the  proportioni  (3)  and  (i),  we  have 

:  d,:  dj-.i  d^:  di,tit. 
Therefore  the  densities  of  the  strata  a,,  a„  a,,  <■„  &c.,  of  which  the  height*  are  ii 
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aritlunetLoal  progiesaion,  tie  tliemBalTes  ia  gn>matzicil  progrenicra ;  and  conteqiwtljr 
tb«  preMurei  nutained  at  diffeicnt  altitadet  tn  alio  in  geometricat  prograsion. 

I>«t«rMlB«Uon  of  AJtltndea  ¥7  Uie  8»>onwt«i. — L«t  A  be  llie  &1titnde  in 
feet  of  anj  apot  abore  the  surface  of  the  aea,  then  mensiuing  doirnwardg  from  that 
■pot,  the  dletancea  0,  1,  2,  3,  &c.  feet,  tie  preeeurea  npon  each  foot  will  fonn  a  geome- 
trical incnaaing  progreealoii,  hy  what  i»  proved  above.  The  relation,  tberefbre,  between 
tJhe  nnmben  e:qireaniig  thia  piogreiBtan,  and  tfae  numben  0,  1,  S,  3,  Ac.,  is  the  aame 
ai  tbat  between  anj  nnmben  in  geometrical  progreaaion,  and  their  logaritliniB.  The 
Biunbera  0,  1,  2,  3,  eipreeainB  tlie  diatt^cee  downwards  from  the  highert  point,  mnst 
therefore  be  the  common  Ingarithlna  of  the  nnmbers  eipieMiDg  the  coETeaponding 
pceaanrea,  multiplied  by  aome  conetant  factor  or  modulua,  which  constant  &ctor  we 
may  call  K. 

Hence  a  expreesing  any  lower  altitude  in  feet,  and  F,  p  the  preuorea  at  tte  slti- 
tudea  A,  a,  we  eball  liaro 

A  —  0  =  K  log  P  —  log  y  =  K  log  - 

If  the  lover  itetion  be  at  the  level  of  the  eea,  then  a  =1 0 ;  and  ainoe  tlut  preaanraa 
P,  J)  are  indicated  by  the  heights  of  the  mercnrial  c<dunin  in  the  barometer  at  the  two 
itdtions,  we  hsTO  for  A,  the  number  of  foet  in  the  altitude  ist  the  vpfta  ttatioa  shore 
the  lower, 

, „  ,      P T  Iqj.  hfflght  of  barometer  at  upper  elation. 

"p  ^ Et-ight  of  barometer  at  lower  atation. 

But  before  thia  formula  con  be  turned  to  practical  acooun^  we  muit  be  able  to 
ttaiga  the  numerical  value  of  the  constant  multiplier  K. 

Let  H  be  the  height  of  the  barometer  at  tltc  level  of  the  «m,  and  H'  the  height  at 
■one  known  altitude  A' ;  then 


Slog 


;Klog'-. 


Let  A'  =  1  fijot,  then 


K=  l~ 


Now  whvn  Hm  barometer  stands  at  30°,  and  the  temperature  of  the  air  is  55"  Fah., 
the  weight  of  a  volume  of  air  ia  to  that  of  an  equal  volume  of  mercury  aa  1-22  is  to 
1356S :  henre  the  preeaure  of  the  30  inches  of  mercury  is  equal  to  the  pressure  of  a 

column  of —  iuchea  trf  air  of  the  same  uniform  density  aa  that  in  which  the 

barometer  ie  placed — that  is,  of  the  air  at  the  level  of  the  sea.    The  height  of  thia  equi- 
ponderant column  of  homogeneous  sir  is  therefore 
13568  X  30 
1-i-i  X  12 

and,  therefore,  tho  height  of  the  column  measured  from  a  foot  above  the  level  of  the 
sea,  is  27802  feet. 

27803 
27802 ■ 
ButIog(l+,-^^3)  =  -43*2»418{^-i2-^+&o.} 
(Matsbmaticai.  Soiekces,  page  27B),  therefore,  neglecting  the  powers  of  sc 
fraetion, 


.■.x  =  iJ-l.gi 


=  27803  feet; 


=  l-i-log(l+-5 


«>• 
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IT  — 1    .  *3*29448  27802  fl,„,„ -^ 

^  =  '  -^  -27852-  =  ■53*294r8  =  ^"^"  '^ ' 
ir  diriding  by  6,  K  ^  10670  fatlioras.     Conaequently  tjie  formulB  tor  lie  < 
•jf  my  altitude  A  abore  die  level  of  tlie  tea  ia 

height  of  bar.  at  alt.  A 
•  height  of  bsi'.  at  the  Bca:-leTGl 
The  coiurtant  factor  10670  baa  been  determined  aa  the  sapposition  Ibat  thetempen- 
tare  of  the  air  ia  55°  Fah.  The  mnA  coavenimit  multiplier  inooo  may  be  employed 
instead  by  a  suitable  alteration  of  the  temperature  ;  that  is,  by  assuming  the  air  to  be 
a  different  state.  Experiment  has  sbovn  that  the  altitude  of  a  place,  as  dedaced&om 
the  foregoing  formula,  will  vary  by  iijth  of  its  whole  Talue  ftir  every  degree  by  which 
ji  of  the  temperatures  at  the  tvo  stations  differs  A^>m  55';  the  variation  to  be 
added,  whon  the  mean  exceeds  55',  and  subtracted  when  the  uontrary  is  the  case. 

How,  the  diffuranoa  between  10870  aod  10000  U  OVo,  and  the  diffurence  between 
10670  and  the  value  it  would  have  fijrona  degree  le*  of  tempatsture  ia  ——-^St-fr; 
hence,  to  find  for  how  many  degrees  l<^93  of  teioperature  the  diSbrenee  is  S70,  wo  have 

2*-5  :  670  :;   1°':   2T. 
5°  —  2r  =  28°  is  the  temperaturo  of  tho  ^r  for  which  the  altitude 

A  =  10000  log  r- 


Aad  this  value  must  be  increased  or  diminished  by  the  i^th  part  of  itself  for  every 
degree  shown  by  the  mean  temporatBre  of  the  two  stntiona  above  or  below  28°. 

In  talcing  tho  logarithms,  we  may  employ  only  five  figures  for  each,  including  the 
indei  1.  Regarding  these  as  whole  numbers,  we  take  their  difference;  then  if  £  be  the 
excess  of  the  mean  temperature  of  tlie  two  stations  above  28°,  we  must  multiply  this 
difi^Dce  by  J3T,  and  add  the  TDsult  to  the  irid  dlfftrence  to  obtain  the  altitade  in 
f.ithoms,  This  fraction. of  the  difference  must  be  subtracted  if  E  be  negative.  The 
following  is  an  example : — 

Required  the  height  of  a  mountain  when  the  barometer  at  the  bottom  stands  at. 
I  19-6i  inches,  and  at  the  top  at  23'28  incncs,  the  mean  temperature,  that  ia  half  the  auoi 
of  the  temperatures  at  the  two  stations,  being  47°. 

The  exeesa  of  the  mean  temperature  above  28°  ia  4r  —  28°  =  19' 

10O0Ox!'"8^'*^    ■    ■     ■     ■     ^'"^  ^=i? 

"^1106  26-28    ....     14028  4So      435 

19  ~8" 

^"^.435-=       Ji 
.-.  the  height  ia    ......     727  fathoms  =i  4363  feet. 

■Wlicre  minute  accuracy  is  required,  certain  particulars,  here  disregarded,  mnat  bo 
tnken  into  consideration ;  as,  for  instanee,  the  latitude  of  the  place  of  observation,  and 
the  dilatation  of  the  mercurial  column,  which  lengthens  to  the  eitcnt  of  niJiiBth  of  the 
whole  for  every  additional  degree  of  tprapcratHro :  but  the  determination  of  altitudes  by 
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tile  foregoing  formula  will,  in  general,  dtSer  from  tlie  truth  only  hy  a  fa^om  or  t 
and  will  therefore  be  sufficiently  accurate  tai  most  practical  purposes  {see  UirBOBOLOOi, 
age  18), 

The  higher  ire  ascend  into  the  regions  of  the  atmosphero,  the  colder  does  it  heeome. 
There  are  two  reisoos  for  this:  in  the  first  place,  the  direct  rays  of  the  sun  pass  through 
the  air  without  being  arrested,  aa  it  vere,  aa  in  the  cuae  of  a  Boiid  body,  which  abaortia 
a  great  portion  a!  the  heat  poured  upoa  it ;  and,  in  the  next  place,  eipariment  pro 

:  air  by  rarefaction  loses  part  of  iU  original  heat,  so  that  when,  sir  of  a  certain  tc 
penture  is  relieved  of  part  of  the  pressure  upon  it,  and  allowed  to  cipand  (as  the  aii 

reeeirer  of  an  aLr-puoip),  it  is  found  that  the  temperature  becaines  less  and  lesasatho 
preuoro  diminishes ;  so  that  if  the  original  temperature  is  to  be  maintaiued,  fresh  heat 
mnat  be  oommunicatod.     As  there  ia  no  external  source  fur  the  supply  of  such  beat  in 

more  elevated  regions  of  the  atmosphere,  the  aupBcior  ooldncai  of  those  regioi 
becomes  sufflcientty  accounted  for. 

Weleht  of  the  irliala  Atatocpher*. — ^e  have  already  seen  that  the  weight 
of  the  atmosphere  surrounding  the  earth  is  equal  to  the  weight  of  a  sanronnding  coating  of 
mercury,  on  the  average  30  inches  thick  :  the  amount  of  this  weigbt  may  be  found  by 
multiplying  the  volume  of  the  mercurial  ahell  by  the  specific  gravity  of  the  mercury, 
and  the  product  by  j=;  1000  ounces  (Hidhostatics,  page  166).  Let  R  =  radius  of  t^ 
earth  in  feet,  r  ^  height  of  the  mercury  in  faet,  and  i  its  apeciflc  gravity  :  then  suF 
traoting  the  volume  of  a  sphere  of  radius  K  from  that  of  a  aphero  of  radius  R  -|-  r,  in 
order  to  get  the  volunia  of  tho  Bpherical  shell  of  mercury,  we  shall  have  Ibr  tlie  weight 
W  of  that  shell, 

=  l'{3B"r+3Rr'  +  r*|v 

=  *«r{R=+  Er  + Jr'jiX  1000  o*. 

This  weight  the  oelabrated  Cotes  calculated  to  be  equal  to  that  of  a  globe  of  lead  of 
a  mUes  in  diameter,  or  upwarfs  of  77,670,000,000,000,000  tons. 

The'  weight  of  the  atmosphere  can  be  much  more  accunltely  estimated  then  it» 
height,  since  the  former  can  be  submitted  to  experimental  eiaminatioa,  irfiilo  the  latter 

lyond  our  reach.    Buttbere  are  many  cogentreasons  which  preclude  the  notion  that 

itmotphere  is  illimitable.  Thus,  wo  have  seen  tliat  it  has  weight;  that  is,  that  it  is 
a  material  substance,  like  all  other  material  substances,  operated  upon  by  the  attraction 
of  gravitadon.  There  must  be  an  elevation,  therefore,  at  which  its  eloaticitf,  or'  its 
tendency  to  expand  further  upwoida,  ia  just  balanced' by  its  gravitating  tendency  dowTi- 
wardi,  and  which  must  therefore  mark  the  limit  of  its  altitude.  Again,  if  its  extent 
were  boundless,  the  moon  and  all  the  other  planets  would  each,  by  its  attraction,  appro- 
priate a  share  of  it ;  and,  as  in  the  case  of  our  earth,  the  density  of  it  would  increase 
towards  the  surface  of  each  planet ;  and,  more  especially  as  regards  the  moon,  its  pre- 
sence would  become  manifest  by  aatrenomioal  .obserration.  But  astronomers  find  the 
moon  to  be  quite  destitute  of  an  atmosphere  t  it  has  no  clouds,  no  rain  j  and  the  p)anot 
Jupiter  seems  to  be  in  the  same  predicament.  That  the  moon  has  no  atmosphere,  and 
!  consequently  can  have  no  breathing  inhabitants,  is  a  fact  interesting  in  itself;  and  it 
'  3vclT.es  this  other  fact,  equally  interesting,  that  our  atmosphere  baa  its  limits.  Accu* 
rately  to  assign  these  limits  is  beyond  the  power  of  science  ;  but  the  phenomenon  of  the 
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i-e&Mtioii  and  reSectdoa  of  light  leada  to  the  concliuion  that  it  extendi  to  tiie  height  of 
about  forty  or  fifty  mileB.  The  average  between  diese,  namely,  forty  Atb  milBB,  is 
usually  regarded  by  philosophers  to  be  the  height  of  our  atmosphere  But  that  this 
ooncluBion  may  rest  upon  aomotluag  better  than  mere  conjecture,  we  Hball  give  the 
reasonings  by  wliioh  it  ha»  been  arrived  at 

Atmoapherioal  refraotiou  is  caused  by  the  bending  of  the  rays  of  light  from  a  lumi- 
nous body  upon  entering  our  atmosphere  till  the  outer  boundary  of  the  atmosphere  ia 
reached,  nothing  diverts  the  di- 
i-ectiou  of  a  luminous  ray.  This 
refraction  of  the  rays  of  tlie  sun 
adds  ialcnaity  to  tlie  twilight,  or 
the  light  wB  enjoy  after  sunset. 
The  twilight  is  found  to  continua 
till  the  aun  ia  18'  bebw  the  hori- 
zon. Let*  therefore,  AH  be  the 
horizon  of  an  observer  at  A,  who 
viU  continue  to  have  twilight 
till  tho  ray  S  H  from  the  descend- 
ing sun  makes  with  BH  the  angle 
S  H  B  =  18',  and  therefore  the 
angle  AHS  is  162'. 

Tho  tost  glimmer  of  twilight  is  due,  no  doubt,  mainly  to  llie  reflection  of  the 
ray  8  H  from  the  particlas  of  the  atmosphere  at  H,  and  the  radius  C  U  being  perpen. 
dicular  to  the  reflecting  surface  at  H,  the  angles  A  H  C,  S  H  C  must  be  very  nearly 
equal,  and  therefore  each  equal  to  about  61°.  Now,  taking  the  radius  C  A  of  tiie  earth 
Lt  4000  miles,  we  have  by  Trigonometry, 

CH  =  CAcoaeoH=-^,.=  4^  =4050nearly. 
sm  H      SID  81° 
So  that,  according  to  this  calculation,  the  height  A  H  of  the  atmosphere  Is  iOSO  —  4000 
^  SO  miles. 

The  height  of  an  homogeneous  atmosphere  that  would  press,  as  the  actual  atmo- 
sphere is  found  to  do,  may  be  readily  ascertained.  Thus,  if  we  talie  she  specific  gravity 
.ir  to  l^at  of  water  as  I  to  8S0,  when  the  barometer  stands  at  30  inches,  and  the 
specific  gravity  of  water  to  that  of  mercuiy  as  I  to  14,  wo  shall  have  the  epecifio  gravity 
'   ir  to  mercury  as  1  to  11,900, 

.-.  1  :  11,900  : :  30  inches  :  357,000  incheB^fi'63  miles. 
This,  therefore,  would  be  the  height  of  an  atmosphere  pressing  with  the  same  weight 
1  ouiB  does,  and  of  which  the  density  ia  uniformly  tho  same  as  tho  air  at  the  surface  of 
le  earth.  If  the  epecificgrarity  of  the  air  at  the  aurface  to  that  of  mercury,  when  the 
barometer  stands  at  31)  iacbes,  be  taken  as  1  to  12,000,  the  height  of  the  homogeneous 
atmosphere  will  be  12,O0Q  X  3Q  inches  ^  10,000  yards  ^  5^  miles  nearly.  Sence  the 
height  of  the  ei^uipondcrant  homogeneoua  atmosphere  would  be  about  5^  miles, 

The  Syphon, — The  weight  of  the  ntmosphare,  like  all  tho  other  forces  sponta- 
neously offered  to  us  by  nature,  has  by  the  ingenuity  of  man  been  made  Buhsonient  to 
rants  and  coavoniences  in  a  great  variety  of  waya.  Neit  to  the  force  of  gravitation, 
of  which,  indeed,  the  weight  of  the  air  is  only  a  particular  mauifeetation,  atmospheric 
pressure  is  perhaps  the  most  important  of  terrestrial  phenomena ;  and  it  is  not  easy  to 
catimate  the  amount  of  extra  toil  and  privation  t")  which  manliad  would  be  subjected, 
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if  thcairire  breatbe,  li^e  the  light  we  tee,  had  no  appreciable  weight.  It  is  our  buein 
now  to  giTG  a  short  account  of  some  of  the  contriTttnce*  by  which  Btmoapherio  preuurc 
has  beoQ  turned  to  advantage  in  the  practical  afiaira  of  life,  and  to  eiplain  the  principle!! 
upon  vhich  tbcBc  contriTaucea  accomplieh  Uie  purposes  intended  by  them.  The  least 
complLcatcd  of  these  is  t^e  SyphoD. 

This  instrument  is  aimplf  a bont  tube  ABC,  employed  for  the  purpose  of  eihanst- 
ing  B  yessel  of  tie  liquid  it  may  contain,  or  of  transferring  it  to  another  vessel  without 
the  practical  inooovenienee— otlon  the  practical  impossibUity — of  actually  pouring  the 
liquid  Irom  the  one  vessel  into  the  other. 

There  are  two  ways  of  bringing  the  instrument  into  operation :  the  end  of  the 
shorter  leg  A  may  first  be  inserted  in  the  liquid,  and  then  the  air  in  the  tube  withdrawn 
by  the  moulli  through  a  small  pipe  communicatiitg  with  the  tube  near  the  extremity  C 
of  the  bnger  leg.     In  this  case  there  must  be  a  stop-cock  between  the  pipe  and  C  to 


in  with  the  atmosphere  pressing  through  C.  Such  a  syphon  is  called 
the  diatiller'a  syphon:  it  is  exhibited  in  operation  in  the  first  figure  above.  In  the 
second  way  the  lube  is  invfrtod  and  filled  with  the  fluid,  and  the  ends  A,  C  closed ;  the 
shorter  end  is  then  immersed  and  both  cuds  are  opened. 

Suppose,  as  in  the  first  way,  that  the  tube,  with  the  end  A  in  the  liquid  and  the  end 
C  stopped,  has  been  eihausted  of  air :  the  pressure  of  the  atmosphere  on  the  eipoacd 

ic  of  the  fluid  in  the  vessiil  acia  upwards  at  A,  and  forces  the  fluid  into  the  voi 
space  with  an  energy  sufficient,  if  it  wore  wat«r  and  the  tube  were  Btraight,  to  carry  it  to 
the  height  of  thirty-two  or  thirty-three  feet;  and  to  a  greater  height  if  it  were  a  f 
lighter  than  water.  As,  however,  the  tube  bends  at  a  moderate  height  B,  the  ascending 
column  is  forced  to  oceommodate  jtaclf  to  the  course  of  the  tulje,  and  descends  into  the 
leg  B  D  C.  Arrived  at  B,  the  highest  point,  its  descent  down  B  C  is  eipedited  by  the 
direct  influence  ot  gravity  upon  it  i  and  C  being  opened,  the  liquid  flows  out. 

Now  it  must  be  observed  that  when  the  column  has  attained  the  height  £  B  it  is  not 
forced  forward  by  tbe  whole  of  the  atmospheric  pressure  at  E,  but  only  by  that  presauru 
lished  by  the  weight  of  tho  column  E  B  ;  so  that  when  the  column  had  eitendcd 
itself  to  D,  if  the  atmoapheric  air  were  admitted,  the  upward  pressure  on  D,  like  that  on 
S,  would  be  equal  to  tho  whole  atmospheric  preasuro  diminished  by  the  weight  of  tlio 
column  D  B ;  the  two  pressures,  therefore,  balance.  But  as  soon  ai  D  is  passed  and  the 
.'column  in.BO  lengtbena,  the  equilibrium  is  destroy  qfl,  the  downward  pressure  prevails. 
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and  tlie  liquid  laUi  tlirongh  C  upon  finding  a  ftemge  there :  and  the  iDnger  the  psrt 
D  C  of  the  lyphiM  below  the  sur&ce  D  of  the  liquid,  the  greater  will  be  tbe  teW^ 
wiUi  which  it  will  iuue,  «ioM  the  greater  will  be  the  preponderatang  pretBure  dawn- 
In  the  second  way  of  preparing  tha  syphon,  that  is  by  Ant  filling  it  with  £he  fluid, 
it  is  brought,  in  another  nuBner,  into  the  ume  circMiinslaiioee  ■■  when  it  ii  filled,  as 
above,  through  the  pieBiure  sf  the  air  on  the  sur&ce  of  the  liquid.  The  liquid  will 
evidently  cease  to  flow  u  soon  aa  the  sar&ce  of  it  descends  io  a  level  with  the  rising 
surface  in  the  vessel  to  which  it  is  Inuuferred ;  at  this  stage,  however,  die  sypboa  will 

imain  full,  as  there  will  be  a  GOII^>lete  equilibrium. 
In  the  syphon  just  eiplaiaed  it  is  neoesaury  that  the  lags  be  of  unequal  Imgth)  but 
tliereisanotberkhidof  syphon  called  the  Wurltmburg  syphon,  in  whioli  the  two  legs 

:o  of  the  same  length.  In  this  instrument  (see  the  firat^gure  below),  the  eztMmitiea 
of  liie  equal  I^soiq  turned  upwaida  so  that  the  two  open  ends  D,E  may  be  on  the 
horizontal  level  when  the  syphon  is  held  uprigjit.  The  instrumeat  is  kept  constantly 
filled  wiUi  water,  which  remains  saq)ended  in  the  two  legs  B  A  B,  EC  B,  bacauso 
the  equal  atmotpherio  pressures  at  D  and  E  place  tbem  in  a  stste  of  eqnilibrium ; 
but  if  the  1^  terminating  in  D  be  immersed  in  water,  the  end  D  will  sustain  the  addi- 
tional pressure  of  ths  wotar  reaching  from  D  to  tho  surface,  and  consequently  £  being 
irce  &om  suoh  additional  piesnue,  the  fluid  is  forced  out  at  that  end.    IVhen  Uio 


surface  of  tho  water  in  the  vessel  has  deecended  to  D  the  stream  from  E  stops,  but  the 
syphon  remains  full,  and,  thus  filled,  is  taken  out  and  bung  up  b^  a  loop  at  £  till  again 

Intwmlttlng  Bpdngi. — The  curious  phenomena  of  intermitting  springs  s 
referable  to  the  forgoing  principlee.    These  springs,  issuing  from  a  fissure, in  a  mou 
tain  side,  flow  for  a  certain  period  Bud  then  stop ;  after  a  while  the  water  fiows  again, 
and  so  on.    These  eflects  are  produced  through  t^  iqienitionof  one  of  Nature's  syphon*. 
The  preceding  figure  exhibits  a  section  of  the  mountain  and  ths  stream.    A  cavit;  ei 
in  the  former,  as  here  represented ;  Uiis  by  degrees  is  filled  by  gradual  infiltrations, 
or  by  slender  flsanres  conununicating  with  the  upper  surfsce. 

Suppose,  now,  that  there  is  a  syphoa-like  communication  between  the  leservoir  of 
water,  supplied  by  these  channels  trom  above,  and  the  mountain-sidu ;  as  this  syphon 
is  not  artificially  exhausted  of  air,  it  will  not  deliver  the  water  in  the  reservoir  till  the 
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•iu&c«  of  tliBt  water  nae«  u  liigli  u  tiie  bend  of  tho  Bypbon  B,  after  irMoh  it  1 
begin  to  flow,  pouring  out  a  continued  stream  til!  the  reterroir  is  emptied,  or  M  least 
till  the  leTcl  reocbea  tbs  immoned  end  of  tJie  lyjihoD ;  the  itlMmwiUthenBtopand  will 
commence  to  flow  again  only  when  bj  a  &esh  accumulation  of  water  from  above  the 
level  of  B  i«  again  reached. 

.  It  ii  of  coune  a  condition  necesury  to  the  productioa  of  theao  remilta  that  the  k 
&ce  of  the  Kaerroir  be  lubjected  to  the  pressure  of  the  atmosphere ;  but  through  the 
fiMnrea  which  Boppljr  the  cavity  with  water,  air  nuit  have  previously  found  its  way ; 
and,  indeed,  from  the  principle  of  the  equal  transmission  of  fluid-pmsure,  the  weight  of 
the  atmosphere  acting  on  the  upper  surface  of  the  water  in  a  single  downward  column, 
as  on  the  water  in  the  slender  perforatiaa  to  the  right  in  the  foregoing  figure,  si 
equally  on  eveiy  part  of  the  surface  of  the  water  in  the  reservoir. 

Tb«  Hvualtold  TvBip. — The  common  suction-pump  is  another  important  co 

trivance  which  owei  its  usefulness  entirely  to  the  prewure  of  (he  atmosphere,  although 

its  dependunce  upon  fhit  agency  was  little  suspected  for  many  age*  after  its  invent: 

At  already  noticed  (page  206),  Tonicelti,  a  pupil  of  OaliLeo,  early  in  the  seventeenth 

Gcnturr,  was  the  firat  who  fully  recognized  the  influence  of  aimoapheric  pressure.    H« 

accounted  for  the  ascent  of  water  in  the  pump, 

and  of  mercury  in  an  ezhailsted  tube ;  and  the 

invention  of  the  barometer  naturally  followed. 

The  marginal  figure  repreaente  a  section  of 
the  auctioa-pump ;  A  B  is  the  tube,  or  worMng 
pump-bacTcl,  communicating  with  the  water  in 
the  welL  In  this  barrel  an  air-tight  piston  C, 
moved  by  the  lever  or  pump-handle  P,  freely 
plays.  At  the  lower  extremity  of  the  working 
barrel  there  is  a  valve  V  opening  upwards; 
this  valve  wparatea  the  barrel  from,  and  com- 
pletely covers,  what  is  called  the  suction  or 
feeding-pipe,  which  is  usually  of  smaller  htae. 
In  the  piston  C  there  is  also  a  valve  similariy 
opening  upwards.    The  piston  C  is  called  the 

Now,  imagine  the  piston  C  to  be  at  fint  at 

the  bottom  Y  of  the  barrel,  and  then  to 

rsised  by  the  action  of  the  pump-handle. 

the  piston  is  air-tight,  the  pressure  of  the  air 

in  the  batrel  upon  the  ascending  valve  C  keep* 

it  cloaed,  lo  that  that  air,  having  no  esc 

below,  is  forced  up  and  pumped  out  at  ths 

spout  S.    The  vacuum  tkua  produced  in  tbe 

barrel  is  immediately  filled  up  by  the  ascent  of  the  water  through  the  feeding-pipe,  tot 

the  wat«r  in  the  well  sustaina  the  pressure  of  the  atmosphere  on  its  surface,  all  except 

that  portion  of  the  surface  which  the  feeding-pipe  coven;  and  &om  thii  portion,  as 

just  explained,  the  air  has  been  withdrawn.    The  barrel  is  thus  filled  with  the  water 

forced  up  by  tbe  pressure  of  the  atmosphere  on  the  exposed  surface  of  that  in  the  well ; 

but  no  water  escapes  through  the  epout  S,  since  all  that  has  been  raised  is  below  tba 

closed  valve  C,  but  it  is  retained  suspended  in  the  barrel,  though  the  valve  T  still 
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nmuns  open,  the  upper  lui&oe  of  the  Tater,  immediately  below  the  piatiKL,  being,  of 
coune,  not  more  than  32  or  S3  feet  above  the  cnrikM  of  the  water  in  the  veil  (p.  206). 
TJpon  now  lowering  the  piaton,  the  Talve  0  openi  by  the  reaiatsnoe  of  the  water 
confined  in  the  barrel,  for  the  downward  preaance  commonicated  to  the  confined  watiz, 
and  eierdaed  through  the  IsTcr  P,  cloaea  the  valre  Y,  and  prerenti  the  watei  from. 
being,  by  thii  extia  ptcamre,  fbroed  back  again  into  the  well.  Eenoe,  npon  again 
noaing  the  piston,  the  upward  naiatance  of  the  water  above  it  duea  the  valre  C,  and 
the  fluid  ia  forced  out  of  the  tpont  S,  while  another  Tacaum  ia  fanning  below  the 
piston,  and  fresh  water  rising  in  the  banel ;  and  thus  every  time  the  piston  is  nuaed 
die  lower  valve  opens  and  the  upper  one  cloaes,  while,  on  the  contrary,  ever;  time  the 
pilton  descenda  die  lower  valve  closes  and  the  upper  one  opens,  and  in  ft  well-made 
pomp  the  barrel  ia  kept  constantly  fulL 

It  will  of  Gouraa  be  undentood,  in  all  that  ia  said  above,  that  the  pressure  of  the 
atmogphere  on  the  surfkce  of  the  water  in  the  well,  or  mervoir,  need  not  be  auSoiently 
great  to  cause  the  water  in  the  pump  to  ascend  as  high  as  the  spoDt,  when,  I^ 
the  action  of  the  handle,  the  air  ia  withdrawn  from  the  tube:  if  the  l^igth  of  the 
suction-pipe  be  26  or  20  feet,  or  ntiua,  if  the  raJve  at  the  top  of  it  be  at  thia  height 
above  the  water  in  the  well,  the  ezhanstion  of  the  air  will  be  followed  fa;  the  accent  of 
the  water,  through  the  suction-pipe,  to  some  distance  up  the  barrel  of  the  pump.  The 
subsequent  nusing  of  the  water,  thua  intzodnced  into  the  barrel,  to  the  ipout,  is  the  sole 
result  of  the  mechanical  force  applied  to  the  pump-handle. 

^vuititT  of  W*t«z  IHiobuged,  and  Foice  Applied  to  RalM  U.— The 
quanti^  of  water  discharged  at  each  stroke  of  the  handle,  supposing  the  bairel  to  be 
constantly  full,  that  is,  supposing  the  spout  not  too  high,  is  a  column  of  water  whose 
base  is  the  horiionbil  section  of  the  piston,  and  altitude  the  height  to  which  the  piston 
ia  raised,  called  the  length  of  the  stroke:  thus,  if  r  be  the  radius  of  the  section  in  feet, 
and  I  the  length  of  the  stroke  in  feet,  we  shall  have 

Quantity  discharged^  S-MISr^I cubic  Ibet; 
or,  since  a  cubic  foot  of  water  weighs  1000  ouncea,  or  abont  GZ^  poundi  avoirdupois, 
and  since  an  imperial  gallon  contains  10  lb.  of  water,  we  hare 

Quantity  discharged  =  SU16r>l  X  6'ZA  geUona. 
But  the  force  necessar;  to  raiae  thia  quantity,  will  be  that  required  to  raise  the 
entire  column  of  water  extending  from  the  surtace  of  the  reaervur  to  the  surface  of  the 
water  in  the  pump,  the  base  of  the  oolnmn  being  the  seetioA  of  the  pitton.  For  let  s 
bo  the  number  of  linear  feet  of  water  above  the  piston,  and  t  the  number  of  feet  below 
it,  to  the  surfiuM  of  the  reservoir;  let  also  j>  be  the  length  of  the  column  of  water  equal 
to  the  atmospheric  pressure  :  then  since,  in  raiaii^  the  piston,  the  downward  prcMure 
of  the  atmosphere  has  to  be  overcome,  the  height  of  the  equivalent  column  of  water 
lifted  is  a-)- 9 ;  but  the  upward  preasnie  against  this,  is  equal  to  the  weight  of  a  column 
of  water  of  hei^t  p  —  i:  hence 

(.+r)-(f-i)  =  .  +  l 

Consequently,  the  fbrce  necessary  to  lift  the  piston  is  that  neoeasar;  to  liA  a  column  of 
water  having  the  same  section  as  the  piston,  and  tho  height  (a  -f-  i),  of  the  water  in  the 
pump,  &om  the  surface  of  that  ia  the  rewrvoir;  and,  in  fact,  additional  foroe  nnst  be   ', 
applied  to  pump  out  the  water,  on  account  of  friction,  and  the  weight  of  the  piston  and   ' 
,iod.  "    I 

In  the  returning  stroke  of  tho  pump-handle,  tho  piston  descends  b;  its  own  wa|^^ 
which  ia  sufficient  to  overcome  tho  friction,  and  the  slight  redstaooe  of  the  water. 


CtOOJ^Ic 


218  roKcnro-pmp  aitd  nx^isaiirs. 

Forcing  Vnmy  uU  rim  Eactaw-^As  the  prenun  of  llis  atiaoBfjhere  tiaiea, 
punqn  are  not  constractcd  to  raise  water  to  a  height  abeve  23  oi  29  feetj  but  tlio 
water  thna  railed  may,  by  aD  additioDal  caatrinnce,  be  forced  upwaidf  m  much  higher 
than  tbii  as  we  please.    A  pump  fat  this  purpoaa  is  called  a/wviiv  pitp.    Id  thii 
pimp  tbare  is  no  valve  C  in  tiu>  sucJcer  or  piston  ;  bo  that,  after  the  equation  of  the 
pump-bairel  of  air,  nnd  the  oonaequent  filling  of  it  with  water,  oa  dovnwurd  pressure 
on  the  piston  could  cauie  ita  deaoent,  sinoe  the  water  ii  inctHnpiesiibla.    A  pipe,  tluite- 
fore,  is  inserted  in  the  aids  of  tbs  barrel  near  the  bottom,  with  a  valre  at  the  insertum 
opening  ratward* ;  tbe  downward  preseure  on  Uie  si^d  pistoa  foree*  open  tLis  valve 
and   drives   the  water   into  the  tubo, 
which  ma;  be  carried  upwards  to  any 
height,  ud  be  made  to  deliver  the  water 
there,   provided  only  sufficient   down- 
ward presiure  act  on  Iho  piston. 

The  fire-engine    i*   easestially  tlio 

combination  of  two  IbrciBg-pumpB,  the 

pistons  of  which  are  worlccd  by  a  lever 

whose  fulcrum  is  at  its  middle,  snd  the 

power  ia  applied  at  each  cod  alternately; 

the  water  from  the  fire-plug  ia  forced 

into  the  central  receptacle,  called  tb« 

•ir-ve«el,  A«  ak  in  wbioh  ia  thus  c 

densed  the  more,  the  more  water  is  forced 

in )  the  elastic  force  of  t^  compressed 

•ir  drivea  the  vat«r  up  the  leathern 

hose,  from  which  it  isiuea  through  the 

deliver7-f  ipe  with  a  Wocity  piopor- 

tioDUte  to  the  prcssnre  applied,  or  the  condensation  produced  in  the  confined  air.     If 

the  pirtens  be  wotted  with  sufflcient  energy  to  suiqJy  the  aii-vcssel  with  water  us 

rapidly  as  it  is  thus  delivered,  Ae  stream  will  be  invariablei  if  mora  water  be  forced 

into  the  vessel  thaa  em  esoape  out  of  tbe  delivery-pipe,  the  auvranel  will  be  in  danger 

of  bnialSng  by  the  increased  pressare  of  the  condensed  air. 

The,  intention  of  the  air-vessel  will  be  raadily  perceived  by  the  studect :  the  fiircc 
applied  to  the  two  end*  of  tile  levw,  vfaieh  works  (he  dnublepump,  is  neojasarily.an 
fntermittlng  force;  isid  without  lome  contrivance  to  render  th«  effect  continuaus,  the 
water  would  issoe  from  the  deltrery'^^  in  jerks,  b;  the  separata  impulsions  given  to  it; 
bnt  ti>e  continuous  pressure  of  the  eond«nsad  air  in  the  air-vessel  oausas  a  coutinuons 
flov  of  water  alang  the  hose,  np  to  tbe  point  of  issue.  If  the  supply  of  water  to  tita 
«lr-Te«9el  vsry,  tho  vclocit}'  of  the  iastung  stream  will,  of  ciiuise,  vary  likcwiau ;  but 
there  will  be,  nevcrtheksH,  no  interruption  in  tho  conlinuousneaa  of  the  discharge. 

In  fact,  tho  air- vessel  peTfarms  an  office  a  good  deal  like  that,  performed  by  the  fly- 
wheel in  ordiaory  machinery :  it  pves  ooatinDity  to  inicrmitiant  action,  fends  to 
equ^ita  the  effects  of  it,  and  preventa  that  strain  on  the  structure  which  irregularities 
of  action  aro  apt  to  prodnee. 

The  inetal  pipe,  from  which  the  stream  of  water  iasoea,  is  considerably  smaller  in 
bore  than  the  leathern  hose  along  which  the  fluid  flows  to  it.  A  double  parposa  ia 
«oiMimpliahed  by  this  diq«rity.  In  the  first  place,  the  friction  in  the  hose  is 
diminiabed,  as  a  oompan^vely  uoaller  portion  of  water  comes  in  contact  with  the 
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interior  Bur&ce ;  snd  in  the  next  place,  tbe  eontnctiaD  of  the  streBtn,  at  the  outlut, 
gives  to  it  »  proportiona!  inoreaeo  of  velocity,  lo  that  the  water  is  driven  out  of  tho 
!  pipe  with  muuh  greater  force  (page  196).  It  may  bo  observed  here,  thnt 
[nmon  Byringe,  or  hoya'  squirt,  is  a  miniature  farcin ^pump,  or  emhryo  fire- 
engine  ;  flie  great  contraction  of  the  tube  near  the  outlet  is  the  cauge  of  tbe  velocity 
with  whioh  the  wnter  issnea,  being  so  mnoh  greater  tiian  that  irith  whioh  tho  piston 
lovcs.  In  tbe  syringe  there  is  certainly  nu  atr-ve?sel,  as  in  the  fire-enpne ,  but  tbe 
resaure  on  the  Tatci'  is  continuous,  so  long  as  the  tube  conlaioB  any. 

The  DtTtng  Bell.— The  diver'a  bell  is  s  heavy  iror  cheat  open  at  tho  bottom ; 
:  is  called  a  bell,  becauae  in  its  original  construetion  a  bell-fDrm  figure  vas  given  t< 
lie  interior  is  furnished  vith  seats,  sufficiently  high  above  the  mouth  to  enable  tho 
eraonB  sitting  on  them  to  keep  their  heada  free  from  the  water,  which  rises  in  the  bet!, 
1  virtue  of  the  upward  pressnre,  as  it  descends  into  the  sea,  and  to  breathe  the  n 
which  is  t}iii3  forced  up  and  condensed  above  the  rising  water.  Sy  means  of  a  flexible 
tube,  communioating  with  the  upper  atmosphere  throagh  the  top  of  the  bell,  fresh  si 
,a  be  pumped  in,  and  the  air  unfit  for  respiration  let  out. 

It  is  easy  to  find  tbe  space  into  whicli  ^e  a'r, 
I        originaliy  in  tbe  bell,  will  bo  compressed  when  the 

:        .chest  is  sunk  to  any  depth  below  the  surface. 

^g^^^^;^z=Jg  =."-^i  Lot  A  B  bo  the  distance  between  the  surface  of  the 

i£=ii:^^^^£t'^~^i^^        water  above  and  the  surface  of  tho  water  in  the  bill. 

;"^         Let  also  h  be  the  height  of  a  column  of  tiie  water,  tljo 

ni^        pressure  of  wiiieh  is  eqoal  to  that  of  the  atmosphere ; 
7=j        then  tjie  original  air  in  tbe  bell  sustained  a  pressure 
i^        eqnal  to  that  of  a  column  of  water  of  the  sams  hori- 
r35        lontal  section  and  height  h ;  but  when  condenwd  hy 
r_r-S.         being  forced  up  to  B,  it  suatains  a  pressdre  equal  tc 
L>;         Ae  same  column  4,  and  the  additional  ooluinn  of  «ofer 
'^^^5^SCTg£i."=r^-^sr-'         that  is  above  B  ;  that  is,  tbe  pressure  now  suatuned  is 
equal  to  that  of  a  column  of  water  of  height  h  +  AB. 
vol.  of  condensed  air      DB  *       ,        „„,, 

■■  v.i..(.ri,i.j.s  =irc=ir+AB('w°'»'>- 

Putting,  therefore,  x  for  DB,  the  deprth  of  the  compressed  air  betweeil  tha  roof  of 
the  b«U  and  the  surface  of  the  water  witbin  it,  we  have 

m  =  tT^.  •■•••+c  +  ")-=™-    }. 

Hence,  by  solving  tiiis  quadratio  equation,  which  has  but  one  positite  root,  the 
^epth  DB  of  the  compressed  air  may  readily  be  aacertHined  Vhen  the  height  DG  of  the 
bell,  and  the  depth  AD,  to  which  its  upper  surface  is  sank,  are  given. 

Tn»  CandenBM.— The  condenser  conaiata  of  a  strong  vesacl  AB,  oaHed  the  rtaiver. 
Into  which  atmoapheric  air  is  forced  and  eondenaed  by  means  of  tie  following  appa- 

A  cylindrical  barrel,  opening  into  t^ie  receiver  and  having  a  valve  opening  down- 
wards at  C,  is  fiimished  with  a  piston  D,  having  a  valve  also  opening  downward*.  As 
■fhe  piston  descends,  the  valve  D  dosea  by  the  resistance  of  tiie  air  in  C  D,  and  tbe 
pressure  opens  the  valve  C,  the  compressed  air  passing  into  the  receiver  A  B. 

This  piston  having  thus  forced  all  the  air  originally  in  the  barrel  into  the  rewiver, 
is  raised  up ;  and  the  superior  pceaaore  of  the  condensed  air  in  A  B  immediately  doses 
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the  Talre  C,  wHls  the  downinird  pnaiure  of  tha  externil : 
no  thmt  the  bairel  becomei  agun.  filled  witli  oommon  air,  KUd 
the  operation  is  repekted. 

In  seme  condeiuera  the  piaton  D  u  made  eolid,  and  a  ■audi 
orifice  is  made  at  0  near  the  top  of  the  banel,  through  vbich, 
upon  railing  tha  piilon  abore  it,  the  barrel  ii  (applied  with 
freab  air  &om  without. 

Tiie  density  of  the  compreued  air  in  the  receiTer,  after  n 
doecentsof  the  piston,  may  beaacertaiaedthu*: — 

Let  S.  and  B  be  the  leapecliTe  capacitiee  of  the  receiver 
end  the  barrel,  and  let  D  be  tha  denmty  of  the  atmoepberio 
;  then,  It  being  the  volume  of  thii  air  in  tha  reeaiTer  at 
flnt,  and  R  -(-  B  the  Tolume  of  it  in  the  receiver  after  the 
finit  deioant  of  the  piston,  the  eaUce  maaa  of  air  then  in  A  B 
willbeD.B-fB.Bi  asthe  additional  maaa  D  .  B  U  forced   Ai 

It  the  second  descent,  A  B  vill  then  contaia  the  mast  D .  B 
-|-  2I).B;  and  a  Iresli  masa  D  .  B  being  thus  farced  in  at 

:»nt,  ire  have  for  the  whole  i^uantity  of  air,  afler  n  descenta,    ' 
Quantity  of  air  =  D  (E  +  n  B)    .-.  its  density  =  D  (1  +  »  «) 
irhich  increases  in  arithmeticBl   progression. 

The  Wine  Ttwtci.^We  may  here  notice,  aa  among  the  minor  contrivancee  by 
vhich  the  pieuure  of  the  air  has  been  made  available  for  practical  purposes,  the  con- 
Tenieat  little  instniment  called  the  wioe-Caster,  which  is  much  used  in  wina 
and  ale  cellan  to  draw  out  thro  ugh  the  bung-hole  of  a  cask,  a  specimen  of 
Its  contaals.  The  marginal  representation  will  give  a  sufficiently  clear  idea 
of  the  fonn  of  this  cantrivanoe,  whioh  is  hollow,  and  has  a  small  pcrforatjou 
at  each  end.  When  dipped  into  any  liquid,  the  upper  orifice  being  kept  open 
to  the  almosphere,  the  fiuid  rises  through  the  lower  orifice,  till  the  level  is 
the  same  inuda  and  outside ;  the  thumb  is  then  pressed  on  the  upper  oriAo^ 
and  the  vessel  withdrawn.  The  air  previously  within-~the  commoa  atnuw- 
pheric  air,  reachii^  from  the  surface  of  tlio  liquid  to  the  upper  hole — expands 
sod  fills  the  enlarged  spaca  which  the  descent  of  the  liquid  leaves  as  the 
vessel  is  raised.  Tlie  pressure  within  is  thus  diminished,  while  the  external 
pressure  upwards,  on  tha  lower  orifice,  is  that  of  the  unrarefled  atmosphere ; 
BO  that  a  portioa  of  the  liquid  remains  suspended  in  the  tube,  under  which  if  a 
glass  be  held,  and  the  thumb  removed,  the  sample  will  run  out  by  its  own  weight. 
The  Alz-Foinp. — Theoffice  of  the  air-pump  is  the  opppodte  of  that  of 
the  condenser,  the  purpose  of  it  being  to  exhaust  a  receiver  of  the  air 
contained  in  it.  There  are  aeveral  forms  of  this  machine ;  that  best  known 
is  Tepre«ented  in  the  following  page  (Fig.  I),  and  is  called  Hawkibee's  air-pump.  The 
receiver,  containing  the  air  to  be  withdrawn,  communicates  by  means  of  a  pipe  vith  two 
barrels,  generally  of  pdished  brass,  in  whioh  two  closely-fitting  pistons  move  by  rack- 
work,  as  in  the  seotional  outline  exhibited  in  the  following  page  (Fig.  2),  where  it  will 
be  observed  that  the  descent  of  oue  piston  compels  the  ascent  of  the  oUier.  The  four 
valves,  marked  a,  &,t,f,  all  open  upwards.  As  one  of  lie  pistons  descends  its  valve  opens, 
and  the  air  ia  the  barrel  passes  through,  and  rests  above  the  piston  when  it  has  arrived 
It  the  bottom.      During  this  operation  the  other  piston  ascends,  with  ils.Talve  dnsed. 
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Tftauam  being  Bnppli«d  &am  the 
Th«  fint  pirtos  ii  now 
rtiised  uid  ttt  liuiel  emptied  in  like  muuer, 
fresh  air  nuhing  in  from  the  *ir  in  the  receiver 

communicaticg  «ilh  it.  And  theie  ■Itamsto 
■scents  sod  deKcnIs  of  the 
pistons  Tender  the  air  in  the 
receiver  so  rareSed  thst  at 
length  its  pressure  is  inade- 
quate to  open  the  tsIteb  and 
pus  into  tiie  hurels.  It  is  , 
plain  that  each  turn  of  the 
toothed  wheel,  driving  one 
pitton  to  the  bottom  of  the 
barrel  and  ruaing  the  other 
to  the  top,  withdntvs  ona 
barrel  fbll  of  air ;  so  that  the 
air  in  the  receiver,  proTiouiily 
to  this  turn  of  the  vhee1,iio<r 
Dccupiei  both  tho  receiver  and 
one  of  the  barrels.  | 

Let  E  be  the  capacitjr  of 
"^'  *■  tbe  receiver  and  B  that  of 

each  barrel;  and  the  densitj  of  the  atmospherio  air  being  D,  let  D„  S^  D^,  ftc.,  bo 
the  densities  of  the  air  in  the  receiver  after  1,  2,  3,  &c.,  atrohes  or  turns  of  the  vbeel : 
then  OTice  at  every  turn  the  volume  of  air  B  is  dilated  into  R  -^  B,  we  have 

D,(R  +  B)  =  D.R    .■.D.  =  D5-5-^ 

D,{R  +  B)  =  D,.B  .■.D,  =  D{^|-p)' 

D,(a+B)  =  D,.R  .■.D,  =  D(^|^)' 

And  generally  D,  =  D  (^       ^)',  tbe  densitj-  after  n  toma.    Hence  the  denutj 
decreases  in  geometrical  progreaaiaa.    Aa  the  mass,  or  quantity  of  air,  is  eqnal  to  ila 

vidume  muldplied  by  ita  density  (page  ISO),  therefore  aft  ern  strokes  the  quantity  of  air 
in  the  receiver  is 

■"«"■— ^R^-feJ    -a  (R+B)" 

The  qnantity  of  air  in  the  receiver  decreases,  therefore,  in  geometrical  progreaaion  ; 
bat  aa  a  decreasing  geometrical  progression  may  be  continued  indefinitely,  it  follows 
that  the  quantity  can  never  be  actually  eihansted  in  any  number  of  strokes  of  the  air- 
As  the  pressure  of  the  atmosphere  on  the  receiver  becomes  very  great  after  the 
pomp  has  long  worked,  it  is  necessary  that  It  posaCES  considerable  strength;  aud  tbe 
bell-form,  aa  exhibited  in  the  first  figure,  is  given  to  it  to  tecure  this  condition,  the 
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gloM  of  wlueh  it  is  Ibmted  being  tiao  veiy  thick.    The  t»1tm  uu  uaiull;  of  it 

Bilk,  in  little  brew  bamoa,  traTeraed  by  a  grating. 

PitoBLBM. — To  £ad  the  Qiunber  of  itrokee  aeceataxj  to  reduce  tho  air  in  tlio 
I  a  given  deniitj. 
Let  4  be  tlie  given  density:  tlien  D  beijjg  the  original  denilty, 

.-.  log  i=  log  D  +  «  ( log  E  -  log  (E  +  B)  } 

log  d  —  log  D 

■'■  "  ~  log  It  —  log  (It  +  B) 
And  if,  aa  is  usual,  the  original  dendty,  or  tbat  of  the  atmosphere  it 
be  i-epretented  by  I,  we  atiaU  have 

«-  l°g-^ 

"— logE-log(R  +  B) 

The  density  d  is  here,  of  conne,  a  proper  fVaction,  and  therefore  tog  d  is  negative, 

but  the  deitominator  being  evidently  negative  also,  the  eipresaion  is  positive;  and  b«re, 

as  inferred  above,  if  i^  ^  0,  that  ix,  if  the  receiver  be  absolutely  cxhaaeted  of  air,  log  i^ 

and  therefore  n,  is  infinite. 

Although  two  barrels  are  connected  with  the  receiver  in  Hawksbee's  air-pump,  bat 
niily  one  barrel  ia  exhausted  at  each  etroke ;  yet  the  working  of  the  two  pistons  simnl- 
tanuoDsly,  at  each  turn  of  the  wheel,  considerably  dimiaiahea  the  labour  of  tlie 
upiratioa;  for  the  atmospheric  preaaut«i  an.  the  upper  surfaces  of  the  two  pistons  being 
the  tame,  the  force  required  to  wort  the  pump  ia  only  that  n 
dittirence  of  the  pressures  on  the  under  mirfacea  of  the  piatons,  and  the  frictioii  of  the 
^liitona  Aemselres.  If  only  one  barrel  were  employed,  &c  aaccnt  of  ita  piston  would 
lie  opposed  by  the  difference,  constanUy  augmenting,  between  the  presscrea  on  its 
upper  and  under  aur&cea,  in  addition  to  the  friction.  If,  however,  the  aacendiag  single 
piaton  could  be  relieved  from  the  pressure,  of  the  •tmoaphero,  a  ungle  exhauatiilg  barrel 
would  anawer  every  purpose,  and  tiio  mochiQe  would  be  simpliSed. 

Smwtton'a  Alt  VtUDp. — Soch  a  simpliBnation  is  given  to  the  pump  conatrucled 
by  Smeaton,  and  called  after  hit  name.  AB  ia  the  barrel  or  cylinder 
muaicating  with  the  receiver  by  meana  of  the  pipe  BC.  In  this 
itructioD  the  barrel  is  closed  at  top,  but  furnished  with  a  valve  A 
opvuing  upwards;  the  piston  also  has  a  valve  D  opening  upwards, 
u  J  a  third  valve  B,  likewise  opening  upwards,  covers  the  pipe  B  C. 

As  tbe  piston  ascends  from  the  bottom  of  the  barrel,  forcing  up 
lie  air  above  it,  and  leaving  a  vacuum  below,  D  is  the  only  valve 
ml  uloaes ;  the  atmospheric  air  originally  in  the  barrel  ia  forced  out 
at  A,  and  the  exhausted  cylinder  is  instantly  supplied  with  air  from 
receiver  through  the  pipe  B  C.  Upon  the  descent  of  the  piston, 
the  valve  A  doses,  the  presauie  iVom  withnut  exceeding  that  &oni 
bin  the  cylinder,  so  that  in  its  next,  and  in  every  succeeding  ascent, 
the  piston  is  relieved  from  the  preaaure  of  tho  atmosphere  upon  it. 

I^  as  before,  B,  B  represent  the  capacities  of  the  receiver  and 
bntret  Mspeptively,  D  the  density  of  the  atmospheric  air,  and  D,  the 
d.'nsity  of  the  air  in  the  receiver  after  n  atrokea  of  the  piaton,  we 
sbnll  hare,  as  in  the  former  cose. 
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D„  =;  D  (-  ,  „)",  the  deosity  oftor  n  BtrokOB. 
Id  diii  poaqt  tits  exhanition  naj  bs  ouried  on  to  a  mnolt  freoter  extant  than  is 
le  common  pomp  before  damrUMd,  beeuue  the  voire  B,  b^g  nliered  Uota  tlM 
downTud  pnmue  of  the  aUnoaphera,  Tilt  open  fiir  a  very  alight  pnjaaure  upirarda, 
ad  oontequently  vill  allo«  of  tlie  puwge  of  ur  in  a  more  rarafled  itRte. 
But  as  the  fbregoiiig  eipTenion  for  D,  ia  the  aains  as  that  fiimiahed  by  Eawklbetf ■ 
machine,  and  eonaequently  the  eiprsaaion  tor  r,  the  namber  of  atntkes  pioduoing  a 
t^ven  degree  of  eihaiutioii,  must  be  the  same  in  both  cuiBtnictions,  provided  only  that 
the  barrels  are  all  equal,  it  may  aeem  that  there  is  no  difierence  in  the  eihaoatiTe 
poveia  of  the  tno.  It  must  be  lemembered,  however,  that  in  the  former  investigation 
the  valves  are  supposed  to  open  at  even  the  nth  stroke,  however  high  a  anmbei  ■  may 
be ;  but  as  in  the  former  coDStniction  the  valve  of  the  descending  piston  auataini  llu 
pressure  of  the  atmosphere,  irhioh  in  the  present  contrivance  is  removed,  a  greater 
ul.iaticity  in  the  air  below  the  valvo  is  necessary  to  open  it;  so  that,  in  Smeaton'i 
pump;  a  greater  dtgiee  of  rarefiotion  will  be  ultimately  attained. 

TKte's  At>  ViUBy. — This  pump  is  of  very  recent  contrivance,  and  as  yet  hut 
liltte  known ;  it  was  first  deaoribed  by  the  inventor  iu  tiie  "  FhiloBophiual  Magazine" 
for  April,  1856.  Its  chief  peculiarity  is,  that  while  it  baa,  like  Smcaton'e  pump,  only  a 
single  cylinder  or  baml,  it  has  a  double  piston.  This  double  piston 
pertiinns  the  work  of  the  two  piatnns  in  the  ordinary  double-barrelled 
air-pump,  and  that  with  only  half  the  motion. 

In  the  anaviod  diagram,  C  D  is  the  cylinder  or  barrel ;  A.  nod  B 
are  solid  pistons,  rigidly  connected  by  a  rod  E,  and  moved  by  the 
piston-rod  A  H,  passing  through  a  atufflng-boz  S.  V  and  v  are  valves 
opening  outwards ;  and  E  an  open  pipe,  at  the  middle  of  the  oylinder 
leading  to  the  receiver  from  which  the  air  is  to  be  exhausted. 

The  distance  between  the  extreme  fac£s  of  the  pistons  is  about 

Jtha  of  an  inch  leas  than  one-half  tho  length  of  the  oylinder;  this 

j^ths  of  an  inch  being  the  space  requisite  for  clearing  the  exhauating- 

pipe  It.    The  pistons  are  each  about  1^  inch  in  thickness,  and  the 

rod  E  connecting  them  may  be  of  any  section  consistent  with 

strength.     The  effective  length  of  tho  stroke  is  equal  to  the  space  between  one  side  of 

tho  pipe  B  and  the  corresponding  end-face  of  the  cylinder,  or  it  is  very  nearly  equal  to 

e-half  the  length  of  the  cylinder. 

In  an  upward  stroke,  the  air  above  the  piston  A  is  propelled  through  the  valve  Y 
into  the  atmosphere,  while  a  vacuum  is  being  formed  beneath  the  piston  B.  When 
tho  piston  A  strikes  against  the  top  of  the  cylinder,  tho  air  from  the  rcceivor  rushes 
through  the  pipe  B,  and  diffuses  itself  through  the  lower  half  of  tho  cylinder.  In  a 
duivnward  stn^,  the  air  beneath  the  piston  B  ia  propelled  through  the  valve  v  into  the 
Btnioaphere,  while  a  vacuum  ia  being  fi>rmGd  above  the  piston  A,  and  so  on.  It  will 
be  observed  Uiat  the  double  piston  performs  a  double  duty  at  every  single  stroke ;  for 
while  a  vacuum  is  being  formed  in  one  half  of  the  cylinder  by  one  piston,  the  other 
piston  is  propelling  the  air  from  the  oppodte  half  into  thu  atmosphere. 

In  the  paper  referred  Jo,  the  inventor  enters  into  au  invcstigadon  of  the  exhausting 
owcr  of  this  air-pump,  and  gives  the  results  of  some  experiments  which  our  limits 
preclude  ufl  trom  transcribing;  and  in  a  second  paper  in  tho  "  Philosophical  Magasine" 
for  May,  1853,  he  has  offered  some  modifications  of  tho  above  design,  more,  however, 
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for  the  uke  of  Tuicty  t^luui  for  tiie  purpose  of  lupcrwding  ths  origmtl  conception. 
We  take  the  liberty  of  mggesting,  hoTOTer,  that  we  think  it  waold  Ite  «  alight  im- 
provement if  the  ezhantting-pipe  were  Amiihed  with  a  Tnlve,  opening  into  the 
cylinder  at  S,  since  at  preeent  a  portion  of  the  air  betweeo  the  piltoni  flows  into  the 
Tsceirer  at  evety  altaroate  itruks :  t^is  Talve  would  be  Tirtuollf  equiralent  to  nut.' 
the  inteml  between  A  and  B  aoUd.  Those  intaiested  in  this  new  air-pomp  may  see  it 
t  Messrs.  Hurraj  and  Heath's,  philoaopbioil  instniment  makera,  Piocadillj. 
All  air-pimips  are  fUmisfaed  with  a  barometer-gauge,  a  Teitieal  glais  tube  not  less 
than  31  inches  long,  t^  lower  end  being  immeiwd  in  a  oistem  of  mercury,  and  the 
upper,  by  means  of  a  horizontal  tube,  in  oommunication  with  the  reoeiTer.  If  A  be  tho 
height  of  Qie  barometer,  measuring  the  presanre  before  the  pump  is  worked,  the  density 
ofthe  air  in  Qiereceivei  then  being  B,  and  if  A' b«  the  heightof  the  gauge  afterwaids^ 
n  file  dennty  is  D^  we  shall  hsTe 


fbr  h  rqireasob  the  pressure  equally  of  the  extomal  atmosphere  and  of  the  air  in  the 
TeeeiTer  at  first,  and  h  —  h'  represents  the  pressure  of  the  latter  after  n  strokes,  and  the 
densities  are  as  the  pressures.  From  wlmt  is  ptoved  at  page  220,  it  follows  that  at  erery 
stroke  of  the  pomp,  h  —  A',  the  defect  in  the  height  of  the  mercury  in  the  gauge,  from 
the  standard  height  A  of  tihe  barometer,  must  decease  in  geometiical  progression. 
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nart  in  ihcir  ovn  mimla  some  hypothesU  or  coDJectnre  about  some  Uir  of  n«tim ;  t 
build  iqwD  this  Blippny  tbimdation  a,  vut  Kbeme  of  nature ;  and  then  to  wonder  dis 
natural  pbenomena  did  not  suit  theii  airangement.  In  some  such  way  at>  tbie  tb 
aatronomers  of  old,  with  a  few  illuatrious  cxceplioni,  took  it  for  gnmt«d  that  b 
enormous,  in  tbeir  notiona  a  boondleis,  maw,  sucii  la  tba  eartb,  could  not  more ;  an 
Iberefore  tbat  the  euo,  moon,  pbuietg,  and  atarg,  revolred  in  daily  cycle  round  it 

AichitACtnxa  of  AatlqaltT- — In  reapect  of  mecbanioal  aoienotv  tbs  w"»iit' 
appear  to  bare  been  rery  deGcieitt.    Tbey  bad,  indeed,  tolerably  true  notions  repeating 
the  conatractdon  of  buildings  in  aucb  a,  manner  as  to  e^ure  permsDenee  and  stability ; 
but  for  these  qualities  they  saem  to  have  depended  almost  entirety  on  rude  strength  and 
maseiveneaa,  instead  of  skilful  airangement.    Among  the  gigsntia  remains  of  Egyptian 
iichitectuie,  there  is  not  found  ■  single  itrob ;  the  only  approach  to  it  is  the  vault  of  a 
passage  hollowed  like  an  ftrcfa,  but  made  of  two  or  three  immense  blocks  of  stone  cu 
the  vaulted  form.    48*1°^  among  the  ruios  of  Central  America,  rumaAable  for  their 
enoimouB  extent  and  elaborate  decoration,  the  passages  of  such  buildings  as  rentain 
tolerably  entire  are  (bund  to  be  covered  by  blocks  of  stoao,  arranged  as  in  Fig.  1.    7' 
beautifiil  and  stable  airangement  of  uatetials 
in  the  form  of  an  arch  does  not  seem  to  have 
occurred  to  the  architects  of  antiqui^,  ontil  tbe 
comparatively  recent  era  of  tJie  Roman  Empire, 
It  is  difficult  to  ascertain  whether  the  ancients 
were  acquainted  with  any  of  the  forms  of  roofs 
now  in  use,  on  account  of  the  poriabable  nature 
of  the  materials:  but  it  is  probable  that  they 
knew  ou  such  method  of  covering  large  spaces ; 
and  for  covering   apartments  of  more  limited 
extent,  they  bad  no  rosourco  but  tbe  use  of 
He.  1-  large  masaea  of  atone. 

Hftchlmaxy  of  AntlqilltT. — la  respect  of  maduncry,  the  antnents  Eq;>pear  to 
have  been  extremely  deficient,  for  we  have  records  of  no  apparatus  except  certain  im- 
plements of  war  and  of  tlie  chase,  and  a  few  rude  contrivances  fiH'  irrigating  and  cul- 
tivating the  ground.  Bat,  indeed,  even  in  modem,  times,  the  mechanical  arts  bud  made 
little  advance  until  the  genius  of  Watt  bad  given  to  man  a  power  applicable  alike  to 
manipulation  of  tbo  most  delicate  character,  and  to  labour  demanding  the  most  gigantic 
strength.  Could  a  man  who  lived  in  England  but  a  hundred  years  ago  now  revisit  bis 
countEy,  ho  would  in  mechanical  art  find  a  change  iar  greater,  an  advance  mere 
astooi^iiiig,  than  the  whole  prepress  made  irom  the  creation  of  the  world  up  to  the 
time  at  which  he  lived. 

.  SKodem  BlAChineiy. — That  a  man  seeing  all  the  wonders  of  modem  art,  as  they 
have  lately  beau  acen  at  the  great  Exhibitions,  should  endeavour  to  attain  a  knowledge 
of  their  nature  and  couEtruction,  may  at  first  sight  appear  presumptuous,  bccaose  of  the 
vast  extent  and  variety  of  the  objects  which  ho  would  havo  to  master ;  a^  indeed, 
unless  one  were  prepared  to  devote  his  lifetime  to  mechanical  art,  bo  could  acarccl;  hope 
to  know  accurately  the  details  of  modem  machinery,  much  lees  to  attain  tbo  altill  of  a 
maator  in  all  its  varied  departments.  But,  with  a  fair  knowledge  of  some  simple  Srst 
principles,  and  an  introductory  glance  at  a  few  of  the  leadii^  details  that  are  common 
to  all  mechanit^al  arrangemeats,  wc  believe  it  would  not  be  difficult  to  attain  a  good 
general  knowledge  of  mechanical  art,  and  a  readiness  at  comprcbcnding  any  mechanical 
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tmngemenfa  diat  may  be  bnni^t  imiex  He  notice.  Few  will  be  inclined  to  diapnte 
the  advantages  of  poaaeBung  even  anch  a  moderate  laowledga  of  UachanicB  as  tbia 
impliea,  for  in  modern  times  but  little  advance  can  be  made  in  any  uaeful  poisuit  widi- 
oot  the  aid  of  meehanical  knowle^;e.  Practical  Mechanica  may  indeed  be  called  the 
handmaid  of  the  other  arts.  The  sculptor,  the  architect,  the  musician,  the  chemist,  the 
astronomer,  the  surgeon,  the  merchant,  the  manu&cturcr,  the  builder,  tlie  mililaiym 
the  oivilian,  the  traveller,  and  the  emigrant,  all  require  her  acrvicea — all  reap  the  benefit 
of  her  labours. 

Kvohuilcftl  Iav«nt«n. — It  ia  generally  suppoied  that  inventors  in  the  arte,  as 
"Veil  OS  discoverera  in  the  soienoes,  owe  their  suoscsa  to  soma  fortunate  accident.  Wo 
think  it  mfty,  in  most  cases,  be  sboim  tliat  such  is  not  the  fact.  Almost  every  famous 
discovery,  or  ueeM  inveotiiHi,  has  been  the  result  of  long,  often  painful  and  labori- 
ous, thought  and  research ;  and  success  has  often  foUowed  itpcated  failorea,  accuracy  hag 
snoceeded  repeated  firalte.  That  then  ia  a  Batumi  genius  for  invealioa  peculiar  to 
aomo  minds,  cannot  be  doabled ;  but  that  geniua  alone,  without  labour  and  study,  baa 
ever  led  to  brilliimt  raaullB,  may  as  firmly  ba  denied.  Mechanica,  as  an  ait,  in  a  pecu- 
liar manner  demands  concentrated  thou^l ;  there  ahoold  be  no  waiting  for  soma  iiwpi- 
ration  to  bridge  over  a  mechanical  difficulty.  Let  a  man  gird  himself  to  bis  task,  and. 
■detomiine  thoronghiy  to  think  out  tiic  subject  he  may  have  on  hand,  and  we  venture 
to  predict  that  he  will  find  feir  difficulties  insurmountable. 

OoanMitloii  of  KschMiloa  and  Qhavlatry.— The  two  sciences  that  deal 
with  matter  in  its  various  offsctions  and  modifications  arc  Chemical  and  Hochanieal' 
Philosophy.  The  fbrmer  treats  of  the  infloesoea  ofiboting  its  minute  particles,  and  the 
combinations  of  tiicae  particles ;  the  latter  haa  reference  to  masses  of  matter,  and  the 
forces  and  motions  of  masses  or  ^gr^ations  of  particles.  These  two  sdences  frequentiy 
encroach  upon  the  other's  domain,  for  there  are  many  similar  phenomena  davdojiedby 
the  action  of  natural  laws  on  masses  as  wdl  as  on  particles,  and  it  is  ollen  difficult  to 
draw  a  line  of  separation  between  the  subjecta  of  the  two  sciences.  QoestionB  relating 
to  heat,  light,  electricity,  and  magnetism,  fbrm  port  of  both  sciences  alike,  and  con 
scarcely  be  said  to  belong  to  the  one  more  than  to  the  other.  There  are-questions,  how- 
ever, which  are  purely  chemical,  and  others  as  diatinotly  mechanical.  ! 

The  praotioBl  mechanic,  eiamining  a  atnicture  or  a  machine,  scea,  feele,  and 
measurea  the  parts  of  which  it  consists,  traoea  the  laws  that  ^vem  its  equililinum  or  its    i 
mOTemeofs,  and  determines  the  principles  whioh  havo  bean  adopted  in  its  constmction,    [ 

Btatloal  and  Dynaailaal  XbehftBica. — The  objects  of  Practical  Mcchanicamay    i 
be  divided  into  Statical  and  Dynamical.  Statical  mechanics  has  reference  to  the  fbnnatioR 
and  arrangement  of  materials  intended  to  r^naia  in  a  state  of  rest ;  its  principal  objects  are    | 
permanence  and  stability.    Ithastooonsidertliestcength,  elasticity,flezure,  weight,and    i 
durability  of  the  materials  with  which  it  deals.    It  has  to  employ  the  proper  substonoea     [ 
-for  its  purposes,  put  them  in  their  right  places,  moke  them  of  suitable  f<»mB,  and  imite     ', 
them  firmly  together,  or  so  arrange  them  that  the  tendency  to  change  their  relative 
position  when  o&cted  by  external  forces  shall  be  the  least  poasible.    The  dvll  and 
the  naval  architect  or  tike  builder,  whose  busiiieBS  it  ia  to  make  large  fabrics  by.    ' 
putting  tt^ether  numerous  small  pieces,  is  indebted  far  the  durability  and  stiength     | 
-of  his  stinicture  to  the  qiiJication  of  atatical  moehanlca.      So  also  the  miner  or     , 
the  civil  and  military  engineer,  who  has  to  form  extensive  cicavationa,  erect  embank-     ' 
ments,  bridges,  tide  workj),  or  fortifications,  requires  an  intimate  knowledge  of  statical     | 
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Djnamieal  meduiiics,  on  Qk  otiiar  hand,  hu  referenM  lo  ^  feniu  and  combina- 
tion* of  mtterials  with  a  Tiew  M  motian.  Ita  prindp*!  objects  are  tlis  generetioo, 
oommunicatian,  and  application  of  power  and  force,  in  order  to  change  the  fqimi  or 
(iraagemenls  of  materials.  Ita  pioductH  are  toola,  implements,  machines,  engines,  or 
apponhu ;  it  teaches  <u  bov  to  choose  the  most  loitable  meteriids,  produce  the 
strongest  and  most  serviceable  forms,  arrange  thcii  TcspectiTe  motions  so  ss  to  secure 
regularit7  and  iHmiTiiA  reriatBncc,  with  a  view  to  economy  of  labow  and  duishihty  of 
structure.  The  farmer,  the  brickmaker  and  stoneworker,  the  cBrpentor  ud  smith, 
the  spinner  and  ircaver,  the  worker  in  potter;  and  metals,  ere  all  employed  in  changing 
the  forms  and  arrangenienta  of  the  materials  BUbmitted  to  them ;  and  thejr  have  all 
to  use  the  apparatus  jnurided  by  the  maohliiiat,  and  the  machinist  practises  the  art  of 
dynamical  mechanics  in  derisiiig  and  eiacutmg  the  implements  soitable  for  tiietr  and 
his  own  use. 

In  statical  and  dynamical  mechanics,  the  chief  study  is  economy  of  material,  labour, 
and  coot.  In  any  structure,  whether  for  stability  or  morement,  by  an  unsparing  use  of 
materials  it  may  generally  be  posaiblo  to  seouie  the  necessary  strength.  But  it  freqnentlj 
happens  that  the  usefalneSB  of  a  congtructdon  would  be  seriously  diminished  by  a  rude 
accession  of  mere  strength;  and  in  all  cases,  elegance  of  construction  is  manifested  by  die 
careiiil  and  ingenious  airangement  of  materials,  and  not  hy  their  absolute  mass. '  Accord- 
ingly, we  Snd  that  as  mechanical  art  adTsnces,  lightness  and  neatness  cf  structure  take 
the  place  of  magnitude  and  weight ;  and  Improyementa  in  existing  consbncti<ms  or 
arrangements  are  made  to  depend  for  their  merits  on  the  saTing  of  material  and  labour 
irilicb  they  efiecL  Perhaps  the  most  stable  structures  that  mankind  have  ever  formed 
are  the  pyramids ;  and  as  works  of  enormous  magnitodo,  of  great  age  and  mysterions 
purpose,  they  excite  admiration  and  wonder.  Bnt  when  one  considers  their  form  and 
tho  anungement  of  their  parts,  their  durability  is  not  to  be  wondered  at.  A  hill  of 
mere  sand,  not  blown  upon  by  strong  winds  or  washed  by  heavy  rains,  would  retmn  for 
ever  its  pyramidal  form,  and  would  be  on  object  of  as  great  beauty  and  utility  as  the 
pyramid  itself.  The  aovereigns  of  Egypt  had  probably  at  their  command  an  enonnous 
omonnt  of  human  power,  and  knew  no  better  object  on  which  to  employ  it  than  the 
erection  of  some  immense  pile  to  gratify  their  pride  while  living  and  contain  their 
bodies  when  dead.  We,  living  thousonda  of  years  after  them,  do  not  see  the  pain  and 
labour  of  their  slaves,  and  scarcely  know  how  much  misery  might  have  been  spared 
mankind  had  t^ldr  labour  been  applied  to  better  uses.  In  the  more  paving  of  the 
metropolis  we  have  more  matiTial  and  more  labour  applied  to  a  nseM  purpose  than 
was  required  for  the  largest  of  the  pyramids.  In  our  harbours  and  docks,  our  canals 
and  ratlways,  we  have  works  far  more  Btnpendoua ;  and  in  our  stcam-vessds  and 
manubctories  we  have  power  at  work  exceeding  the  capabilities  of  the  whole  andent 
world,  But  witii  all  this  it  is  the  object  of  the  en^occr  and  machinist  to  study  the 
greatest  pos^ble  economy  of  material  and  of  labour. 

Knowledge  of  StieaBth  of  Katerlala  ireceewuT.~Whatever  be  the 
elements  which  constitute  beauty,  in  works  intended  for  ornament,  we  see  beauty  in 
things  made  for  use,  just  in  proportion  to  their  fltaesa  for  their  purpose.  Parts  out  of 
place,  deficiency  or  redundance  of  material,  elaboration  not  called  for,  and  deviation  from 
just  proportion,  become  glaring  defects  in  any  structure  or  apparatus  formed  for  useful 
purposes ;  and  no  amount  of  decoration  or  finish  oan  reconcile  ua  (o  a  diaproportioned  or  ' 
un^fnlly  demgned  &bric.  It  is  therefore  most  important  that  the  practical  mechanic 
sboold  form  an  intimate  acqnaintoace  with  the  strength  of  the  various  matraials  with 
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vhiohbedaaU;  thrarpowen  to  laistetniaB  in  Tatioiu  diKctioTU,  and  tbe  anange- 
ntenta  mitoble  Ibc  nutkmg  ose  of  these  qualitiea  to  the  greatest  tdvtmtage.  In  tha 
theoretical  portion  of  thii  nibject  there  ie  muoh  that  is  abatraot  and  mathematioal,  hut 
notbing  80  diffiicult  that  the  &ir  exeroise  of  judgment  may  not  Uad  to  very  Mund  eon- 
cluaunu  respecting  it  Allthe  main  beta,  hovever,  respecting  the  strength  of  materiidf, 
are  the  result  of  experiment  and  obBorralion;  and  the  true  uaeoftheotyinambjeot  like 
this,  is  to  analyze  and  clasai^  theae  results.  If  it  is  found,  for  instance,  that  several 
beams  of  timber  of  knoim  dimenaionB  are  capable  of  rastaimng  certain  strains  applied 
to  tbem  in  certain  directions,  it  ia  not  difflcnlt  to  form  general  rules  by  which  the 
strength  of  other  beanu  di&ring  in  dimenajons,  or  their  strength  to  renst  stnins  in 
oertainotherdirectiona,  maybecompnted.  The  careful  mechanical  deagner  either  makes 
experiments  for  himself,  or  aooepta  the  abserratiims  of  others,  and  devises  his  stnictarea 

nich  amanner  aatotakeadTsntogeof  theseresults.  Practice  in  design,  and  freqnant 
obscrvatioa  of  suoceseFiil  works,  do  moch  to  form  the  eye  of  a  designer,  so  that  the 

re  appearance  of  a  thing,  whether  drswn  or  executed,  satisBes  his  sense  of  just  pro- 
portion, or  the  reverse.  It  is  indeed  a  wonderfol,  as  it  is  a  most  valuable  property  of 
the  mind,  that  it  can  reuiily  recognize  and  prefer  the  useful  and  suitable ;  and  as  the 
just  and  the  true  recommend  themselves  to  the  mental  and  moral  sense,  so  does  the 
fitting  in  design  recommend  itself  to  tbe  eye.  Some  individuals  aro  gifted  by  nature 
with  H  keener  sense  and  readier  power  of  discriminating  these  qualities,  and  can  there- 

1  criticise  more  truly  or  design  more  akiliully  tiian  Others.  But  whore  there  ia  a 
love  for  mechanical  pursuits,  or  a  dcairo  to  study  mechanical  works,  vo  believe  much 
of  this  power  may  he  readily  acquired. 

Ooamnnlcatlng  Power. — In  the  dynanucal  branch  of  Mechanics  there  are 
subjects  of  great  interest  and  extensive  application  which  demand  the  utmost  atten- 
tion i  we  allude  to  the  means  of  deriving  and  commniticatiiig  power.  If  we  ask  our- 
selves what  power  means,  we  can  scarcely  define  it  hy  any  simple  term ;  we  may  say 
that  it  is  the  cqiability  of  doing  work  or  producing  chfloge.  We  start  with  the  idea, 
which  is  a  true  one,  that  all  matter  is  inert,  incapaUe  of  receiving  motion,  of  being  brought 

est,  or  of  undergoing  any  kind  of  change  whatover  of  its  own  accord;  some  eilni- 

us  force  or  power  has  to  be  impressed  upon  it,  and  the  quantity  of  change  effected 

he  work  done    When  we  lift  a  weight  from  the  ground,  the  hand  exerts  a  certain 


ng.i. 

nmt  of  power,  and  produces  a  certain  amount  of  work ;  an  act  of  mental  volition 
communicatee  threngb  the  nerves,  i^i  some  way  unknown  to  us,  an  influence  to  the 
BHiscUs  of  our  arm,  which  causes  them  to  contract    The  mosolei  are  attaohed  at  both 
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tndi  to  the  bone*,  vlucH  are  rigid  leron  jointed  together ;  one  ond  of  laoli  >  bone  a 
lever  being  fixed,  u  >t  tte  elbor-ioint,  and  the  mnaale  being  contraotedi  thi  othaend. 
at  -the  lever,  to  irilioh  is  BttadiBd  the  hand  holding  the  weight,  is  caused  to  moTB 
throi^  •  certain  epaoe,  «»d  thus  to  lift  the  weight  a  eertain  height  (Fig.  2). 

This  i»  a  case  of  power  emploTed  in  produoing  motioai  but,  after  the  weight  is 
lifted,  power  most  still  be  exercised  in  letunisg  it  in  its  position,  fur  were  the  mosdes 
tar  one  instant  relaxed,  the  hand  aiLd  weight  wonlil  drop  downwards.  If  suoh  be  the 
case,  we  may  at  first  ught  imagine  that  our  notion  reelecting  the  inertness  of  matter  is 
incorrect,  otherwise  the  hand  and  weight  would  of  themadvcs  remain  where  our  mas- 
cnlar  power  had  placed  them ;  but,  looking  B  litllo  more  olosely  into  the  facts,  we  find 
that  while  the  matter  with  which  we  deal  is  really  inert,  thwe  is  a  ooostaut  power 
adang  npon  it  in  opposition  to  our  masoalar  power — Uie  power  ot  gravitating  attraction, 
by  which  all  bodies  near  the  earth's  tur&ce  are  drawn  down  to  it. 

This  power  has  been  fbnod,  by  extended  experiment  and  obaerration,  to  act  equally 
on  nil  bodies  and  all  ports  of  every  body ;  and  the  measure  of  the  force  with  which  it 
acts  on  any  body  is  its  weight.  In  estimating  power,  therefore,. weight  is  the  meaauro 
of  one  important  elemeBt ;  and  if  we  know  the  weight  whkh  any  given  power  can  lift 
bmn  the  earth,  wo  have  correct  data  for  csleolating  its  omowt :  in  fact,  we  know  the 
qnontitj  of  matter  on  which  the  power  hoa  effected  a  change.  But  there  is  another 
element  of  power  quite  as  important  as  the  quantity  of  matter  acted  on,— we  mean  the- 
quflntity  of  change  produced  upon  it.  If  we  find  a  certain  amount  of  ciertioQ  nccoB- 
sary  to  lift  a  weight  one  foot  Ironi  the  ground,  we  ahsill  &nd  greater  exertion  neceaaary 
to  lift  it  two  feet.  The  change  in  both  cases  cSctited  by  the  power  applied  is  a  change 
of  position ;  but  the  amonnt  of  change — that  is,  the  distance  throi^  wMuh  the  weight 
ie  aoved — is  in  the  one  caso  double  that  in  the  other.  Eiperimsnt  and  observation,  as 
well  as  reasoning,  prove  distinctly  that  the  force  required  to  lift  a  given  weight  is 
exactly  praportiooal  to  t^  distance  through  which  it  is  lilted.  We  thus  acquire  tho 
means  of  computing  another  element  of  power ;  and  can  combine  this  element,  eiprea- 
tive  of  the  amount  of  change  effected,  with  the  former,  which  expresses  Qie  quantity  of 
matter  upon  which  the  ohang;e  is  produced. 

In  comparing  numerically  one  power  with  uiother,  we  are  therefore  warranted  in 
nmltiplyiog  the  weight  lifted  by  each,  by  tiie  distance  throng  which  it  is  lifted,  and 
comparing  the  results.     Thus,  if  one  man  lift  20  lbs.  1  foot  high,  and  another  liil  30  lbs. 

1  foot  higb,  we  say  that  the  poweis  oiortcil  by  the  two  meu  ore  as  20  to  3D,  or  as- 

2  to  3;  or  if  one  lift  20  lbs.  2  feat  high,  and  the  other  lift  20  Iba.  3  feet  high,  the 
powers  they  exert  are  as  20  multiplied  by  2  (that  is,  iO),  to  20  multqvUodby  3  (that  is, 
60);  or  as  2  to  3.  Again,  let  tho  one  lift  20  lbs.  2  feet  high,  aod  the  other  30  lbs.  3  feet 
high,  their  powers  are  as  20  multiplied  by  2  (that  is,  40),  to  30  multiplied  by  3  (that  is, 
90);  or,  more  simply,  BS  *  to  9. 

SuCt  recurring  U>  Our  dcfinilicn  of  power  as  being  tho  capability  of  effecting  changer 
we  must  see  that  there  is  yet  another  element  of  calculation  necessary  for  estimatijig 
difiercnt  eapabilities ;  as  yet  we  have  reckoned  only  tho  amount  of  work  done,  and 
have  paid  no  regard  to  the  timo  required  for  doing  it,  A  few  coral  inaocla,  labouring 
succeaaively  ftor  centuries,  may  form  an  island,  which  it  would  require  thousands  of 
workmen  to  raise  in  a  abort  period ;  but  yet  tho  power  of  each  workman  lar  eiceeda 
that  of  the  insect,  and  the  two  can  only  be  compared  by  supposing  them  to  be  exerted 
during  equal  times.  Now,  it  is  clear  that  a  certain  work  being  done,  the  shorter  tho 
period  required  for  doing  it,  the  greater  is  the  power  exerted ;  and  convenwly.    In  com- 
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pning;  pomm  nnmericallj,  tb  niiut  tlierefbre  diTide  the  ■work  done  b7  eooli  by  Qie  tisM 
ooenpied  in  parfermiiig  it,  in  order  to  be  ftUe  to  etIimtXe  tficir  compsrstiTe  amoiinlB. 
Svppese  one  man  Hits  £0  lbs.  I21betli^fai  Sminntoi^  and  another  lifti  SOlbi.  10  feet 
bigliin  2nunDtca,  tlie  vork  done  byeneh  it  201ba.  X  12  fMt,  or  340,  and  80  lbs.  x 
10feet,or300,  TmpectiTdTi  but  240  divided  by  3  Bunntea  are  80,  aod  300  diiided  by 
2  Binutea  am  ISO :  the  powers  of  tlie  two  aro  therefore  in  tlie  proportiai  of  tbeae 
nnnbeta,  80  to  IfiO  ^  or,  more  drnply,  e  to  IS. 

Staudazd  of  Vowmt. — We  hme  now  found  meana  of  meamring  all  the  elementa 
of  power,  aod  thus  detetmiiui^  its  amount.  For  the  aahe  of  oonfenionco,  we  fix  upon 
some  standard  powcc  irith  wUdi  we  can  compare  othera,  jiut  a»  wo  fix  on  a  standard 
weight,  Boeh  aa  aponnd,  w  a  standard  length,  aa  a  foot;  and  knowing  the  Talne  of 
several  powers  aa  compared  with  diis  standard,  wa  can  edimate  their  valnss  as  oom- 
pared  with  one  another.  The  standard  power  nsoaUy  adopted  in  piaotioal  mechamo* 
b  a  hoise-power,  whidi  has  been  defined  to  be  33,000  Ibe.  lifted  1  foot  high  in  I  minute. 
The  nmnber  of  pounds  bfled,  33,000,  was  det«rmiDed  fTOm  the  avenge  of  nnmnDiis 
e]j«rimenta  made  witli  horses  at  wort  Whether  it  be  an  aeenrite  eipieamca)  of  tlte 
power  of  an  average  hone  or  not,  is  of  little  consequenoe,  provided  it  be  genemlly  se< 

ted  and  nndontood  aa  a  standard  measure  of  power.  Wa«  there  no  anch  atandaid, 
each  mecbanio  might  nuke  an  eatimate  of  hia  own :  one  m>|^t  eompnte  the  woA  of  a 
very  strong  horse,  the  oth^  of  a  very  weak  ona.  Tbna.  steam-engines  or  other  appara- 
tus might  be  supplied  of  all  different  stzengths  and  aiies,  aitd  yet  purporting  to  be  (f 

al  powen ;  or  apparatus  of  like  strengths  and  dimensions  might  be  stated  to  be  of 
very  diffinent  powers.  Bnt,  tliia  standard  once  fixed,  it  ia  the  duty  of  a  meohanio  to 
estiDiate,  by  oiparinmit  or  caloulatioD,  the  wci^t  vrtdcb  the  engine  he  makea  can  lift 
■  given  hcdght  in  a  given  time,  or  tJie  weight  which  moving  fium^b  a  given  hei^t  in 
a  given  time,  can  TroA  effidentiy  some  apparatua  wbioh  he  may  have  fabricated ;  and  he 
n  then  state  the  power  wbioh  his  engine  fiiinishea,  or  which  his  appaiatos  reqiures, 
in  tenna  intelligible  to  bH  the  worid.  It  ia  olear  &om  what  baa  preceded,  that  a  hone- 
power  does  not  mean  procisely  33,000  ibe.  liRed  one  foot  in  one  minnte,  but  a  power 
equivalent  to  that ;  as,  for  inrtance,  330  Iba.  lifted  100  feet  in  one  minute,  8,300  lbs.  lifted 
one  foot  in  one-tent^  of  a  minnte ;  or,  in  feet,  any  weight  on  multiplying  which  by  tlis 
distance  moved  and  dividing  the  product  by  the  time  oconpied  in  the  motion,  tlte  reanlt 
ahaU  bo  33,000. 

Tbeae  oonaidsntiona  may  be  somewhat  simplified  by  oomhining  the  diatanco  and 
ima  into  one  term,  which  we  call  velooity  or  speed.  Telocdty  is  diieotly  pnqiattional 
to  the  distance  passed  over,  and  inversolyproportiraialtothatimeoGeiipiadin  the  transit. 
A  railway  trun  that  passes  ovm  50  miles  in  an  honr,  has  doulde  the  velocity  of  one  that 
travels  25  milos  an  honr,  beeauae  50  is  donbla  25.  Again,  a  tzain  that  travels  25  miles 
in  an  hour  haa  double  the  vdodty  of  one  that paasesovsrlbesams  distance  in  two  bouts. 
To  compare  the  velocities  numeriodly,  we  divide  the  distsnees  by  the  times  of  each. 

In  estimating  powers,  since  our  standard  is  given  in  fbet  tor  distance,  and  Mtnntes 
fyt  time,  we  divide  the  distance  in  feet  by  the  time  in .  minutes,  and  thus  get  the 
velocities.  The  weight  in  pounds  lifted,  multiplied  by  the  velocity  thus  reckoned,  give* 
a  product  whioh,  boingdividedhy  33,000,  ahowa  the  number  of  horaca' -power.  Buppoae 
an  engineer  were  required  to  fn^iiah  a  steam-engine  ospabla  of  pumping  165,000 
gallons  of  -water  every  boor,  to  a  height  of  120  feet,  be  would  redon  thus : — An  faoitr 

tuns  eo  minutes ;  and  120  divided  by  SO,  give*  2  feet  per  minnte  as  theTdodtywitli 

idithB  raqoindvdmne  of  water  must  be  lifted.    A  gallon  of  water  weighs  lOUa.; 
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tlieiefore,  165,000  gallanE  Tugh.  1,650,000  Iba. ;  this  weight  moTfid  it  ttie  Telodt;  of 
2  faet  per  minute  ii  eqniTaloit  to  1,650,000  x  2,  that  u  3,300,000  lbs.  lifted  1  foot 
in  1  minute.  Dividing  tliii  by  33,000,  the  quotient  b  100  horsa-pover  si  the  tctiul 
toree  required  to  do  the  iroA  in  the  time  given.  He  would,  therefore,  proceed  to  make 
an  cogine  which,  aflei  providing  for  all  mechanical  loaeea  in  the  t^ieralion,  should  be 
capable  of  producing  thia  efiect. 

The  principal  boutco  of  power  are,  the  muscular  fi>rces  of  men  and  «"' ■""!«,  the 
natural  motiana  of  air  and  water,  the  weight  and  eUstdcit;  of  materials,  and  the  ohangea 
effected  in  bodies  by  the  action  of  heat  and  electrical  and  ch^nical  action.    It  ia  the 

or  modify  thdr  direotiona,  velodtiei,  or  intenaitiee,  so  that  they  may  be  made  to  do 
certain  vrak  in  the  best,  most  economical,  and  expeditious  numna.  In  addition,  there- 
fore, to  his  knowledge  of  the  materials  on  which,  or  through  wHcb,  Huae  foFtes  have  to 
act,  he  must  liave  an  intimate  aequaintanee  with  the  nature  and  Iswg  of  the  forces 
tiiemselves,  as  discovered  by  experiment,  or  investigated  abBtractiy.  It  ia  a  fortunate 
circumstauce  for  man,  cooaideiing  the  brief  period  allotted  for  individual  reaearch,  that 
the  laws  of  nature  are  of  the  nuKt  simple  character,  aad  tLat  he  ia  gifted  with  foenltiea 
that  enable  li'"'  to  communioate  the  results  of  his  iavestdgatioaa  through  great  diatancea 
and  OTd  lengthened  periods.  Every  socceiaiye  diacovery  in  natural  acience  throwa 
additLonal  light  oyer  all  that  haa  preceded,  opens  up  new  fleids  for  roseajch,  and  suggesta 
new  modes  of  practical  actdon.  In  the  arts  likewise,  an  ingenious  invention  aimplifies 
nuich  that  fbmierly  was  rude  and  cumbroua,  &ci]itatea  operations  fbnnerly  deemed  im- 
ptBCticable,  and  fiuniahes  the  means  of  practiung  new  and  unheaid-of  branches  of  ait. 
Let  one  but  compare  the  state  of  mechanical  art  aa  it  was  before  the  time  of  Watt,  and  as 
it  ia  now ;  and  t^  more  deeply  he  investigates  the  queetion,  the  mora  will  he  be  surprised 
at  the  onormouB  ohaoge  efijected  by  a  few  simple  but  moat  ingsniona  modifications  of  a 
machine  for  ntiliaing  the  power  developed  by  subjecting  water  to  the  aotitm  of  heat. 

The  steam-engine  has  indeed  exerted  so  vaat  an  influence  on  the  arts,  ^t  we  shall 
think  it  necessary  to  devote  considerable  space  in  what  fcdlovra  to  ita  description  in 
detail.  We  are  the  more  strongly  urged  to  this,  because  we  believe  that  the  student 
who  can  master  the  detaihi  of  the  construction  and  applicatitm  of  this  qiparatus,  will  be 
prepared  to  find  his  way  through  any  branch  of  Practical  Mechanica. 

AppUcatioil  of  Ifatroi, — The  mere  supply  of  forces  for  our  varioua  purpoaea 
would  be  of  little  benefit  to  us  onlees  we  had  ingenuity  sufficient  to  find  modes  of  apply- 
ing them.  Ail  work,  aa  we  bsve  already  hinted,  means  tiie  efiecting  of  changes  of  some 
kiikd  or  other ;  and  all  changes  of  matter  imply  motions  either  of  masses  or  of  parts.  A 
most  interesting  a:ad  eztenaivo  branch  of  Practical  Mechanics  consists,  therefore,  in  the 

^emecta  of  which  power  coousts — vie.  the  weight  or  maaa  acting,  and  tbo  velocity 
with  which  it  acts — ore  convertible.  Having  a  certain  power  to  work  with,  wo  can 
give  up  a  certain  amount  of  its  weight,  and  thereby  gain  in  Telocity,  or  sacrifice  velocity 
in  order  to  gain  in  weight.  Wa  cannot  create  any  addition  to  the  power  either  in 
weight  or  in  velocity,  nor  can  we  annihilate  any  pcaiion  of  it.  We  can,  daubtieaa, 
apply  the  power  with  better  effect  to  the  wo^  and  thereby  save  a  loss;  or  we  can  mis- 
apply a  portion  of  the  power,  and  thereby  rander  it  ineffective  for  the  purpose  intended. 
A  power  applied  to  put  in  motion  any  part  of  a  train  of  machinery,  will  be  found  acting 
at  any  other  part  of  tiie  same  train. 

If  we  could  make  our  workmanahip  absolutely  perfect,  could  have  materials  abao- 
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intelj  rigid  and  MotionleH,  and  oould  remove  om  tnMhinerf  from  the  inflnaiute  of 
all  eitnneoiu  Tesistanoe,  ire  ahould  Bud  in  ererj  part  of  it  an  eqnal  derelopiDent  (^ 
power.  Some  parte  may  be  moving  more  tlowlf  tban  othen,  bnt  then  thoy  act  with 
greater  pressure  or  ireight ;  iDnie  pattg  may  act  vitll  leas  pressure,  bnt  then  &ey  are 
moving  with  greater  velocity :  in  ihort,  in  every  part  of  eiich  a  perfect  machine  we 
thould  find  the  preeaiue  multiplied  by  the  velocity— that  is,  the  power  or  momentum 
eiaotJy  alike.  Even  irith  our  oomparativelr  imperfect  woAmacship,  we  are  quite  safe 
In  estimating  nccording  to  this  rule,  without  the  neceaaity  for  ■T.nv;..g  mmih  allowance 
tot  esterotd  resiatance.  In  the  woAs  of  a  cloelc,  the  wheel  fixed  to  the  barrel  which 
eanies  the  weight  revolves  so  alo^y,  that  its  motion  is  quite  imperceptible;  and 
thiougii  the  teeth  of  this  wheal  is  conveyed  the  fi>rce  whioti  puts  the  whole  olook-train 
in  motion,  a  weight  of  many  pounds.    Again,  the  eac^>oaieDt-wheel,  wliioh  sustains 

motion  of  the  pendulum,  revolves  with  comparative  rapidity,  but  with  so  little 
apparent  power,  that  an  apposing  pressure  of  a  few  ounces  might  completely  stop  It ; 
yet,  on  stopping  thus  the  escapement-wheel,  we  stop  also  the  bairel-wheel,  and  the  few 

[COS  applied  to  the  one  eSbctoally  oppose  the  many  pounds  acting  on  the  other :  in 
&ct,  the  weight  which  acts  on  the  barrel,  mnltijdied  by  the  velocity  with  which  it 
moves,  is  equal  to  the  weight  neoessary  to  stop  the  escapement^  multiplied  by  the 
velocity  with  which  it  moves. 

Ftletloiu — Ve  have  alluded  to  rasiitance  in  machinery,  the  principal  of  wMch  is 
Miction,  or  the  retardatioa  caused  by  the  rubtnng  together  of  imperfectly-smoothed 
surfiu»s.  This  is  a  subject  about  which  little  ie  known,  or  probably  ever  can  be  known. 
Some  of  its  general  lavs  have  been  aueceaaDilly  investigated,  and  a  few  general  prin- 
ciples have  been  earned  into  practice ;  but  itg  effisots  vary  so  much  with  every  change 
of  material — of  speed,  pressure,  workmanship,  and  even  temperature  and  other  circum- 
atances—that,  after  all,  experiaice  is  the  only  real  guide  in  all  matters  where  it  is 
to  be  considered.  Except  in  a  few  mechanical  arrangemenis  where  friction  is  employed 
as  a  useful  resistance,  as  in  the  case  of  the  &ictioa-break  of  a  tooomotive  or  of  a  crane, 
it,  is  generally  tiie  mechanic's  object  to  ■<imini«Ti  it  as  much  as  possible.  The  over- 
coming of  friction  is,  in  feet,  the  wasting  of  so  much  power ;  and  as  all  machines  ere 
devised  with  a  view  to  economy  in  the  qiplication  of  power,  it  becomes  most  important 
tn  reduce  the  waste  to  its  Tninimnm  In  all  devices  for  oommtmicsling  and  modiiying 
motion,  the  qoestion  of  friotion  becomes  nearly  as  important  as  the  question  of  strength ; 
and  many  arrangetnenta  which  are  ingenious,  and  would  be  profitable,  did  friction  not 
interfere,  become  cinuparatively  useless,  in  consequence  of  its  influence. 

If  one  who  had  never  made  meohaniee  his  study  were  introduced  into  a  large  manu- 
feetory,  and  had  pointed  out  to  him  the  steam-engines,  the  cranks,  levers,  wheels, 
pinions,  straps,  and  other  contrivances  for  communicating  power  throughout  the  build- 
ing, and  setting  in  motion  each  machine, — he  would  at  first  be  bewildered,  and  in- 
clined to  believe  that  the  art  of  oommanioating  motion  was  intricate  and  complieated ; 
but  were  he  really  to  analyze  the  process  carefully,  and  b-ace  exactly  the  progress  of 
the  power  or  motion  from  the  prime  mover  to  'fhe  last  machine,  he  would  find  the 
"whole  effected  by  the  combination  of  a  few  simple  mechanical  elements ;  and  wonder 
that  through  means  so  simple,  results  apparently  so  complicated  oould  be  attained, 

Stodenta  of  astroaooiy  cannot  help  being  atrndk  by  the  circumstance,  that  the 
various  motions  of  planeCa,  satellitea,  and  comets,  and  probably  also  of  the  stars  and 
nebulffi,  of  the  fkitheat  and  greatest,  as  well  as  of  the  nearest  and  smallest,  of  (he 
heavenly  bodies,  ate  all  the  result  of  two  simple  fbrcea,  acting  in  various  directions  and 
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with  diSteiont  intcBaities.  ThemoTementiaftheTBstililclunaaFthBlllliKtM^VMlit, 
to  a  laperfldal  oluwrrer,  inoitricable  confliiion  tnd  inezjdicaUe  ira^ailaitj ;  bnt  to  a 
uind  like  that  of  Newton,  all  wu  aUll,  order,  and  beauty.  The  Tny  diatorliaDCM  to 
wbioh  the  diSeniDt  paits  of  the  grand  maohine  are  Bubjeoted  an  elnaenll  of  stabilitf, 
the  ineguJaiities  are  BOOTDea  of  penumence.  In  *  if  elem  of  machiiierf  devised  hj 
Jmmsji  ingennitf  and  executed  by  hnmaii  hands,  there  can,  indeed,  be  no  ^ipioach  to 
Ibia  aimplioity,  order,  and  hamnny ;  ererything  nnut  be  imperiect  in  propoitiim  aa 
tnan  i£  imperfect,  vhen  compared  with  the  Divine  Mechanic  of  the  Univcm. 

In  every  human  woik.  there  mmt  ho  elementa  of  decay,  sautees  of  iire^nlarity,  and 
caiuea  of  instahility ;  and  those  cad  only  be  reduc^  by  Himmialiipg  the  extent  and  com- 
plication  of  &e  woric  itself.  SimpUdty  is,  Iherefoie,  the  gnat  aim  of  the  mwhanic, 
etpeatUj  in  antngemaDtB  tor  eommonicating  motion.  Every  iriieel,  every  lever,  orety 
pulley  that  can  be  saved,  ie  saved — not  so  mudi  to  avoid  the  coat  of  its  introductian,  as 
with  a  view  to  simplify  the  machine,  and  thereby  tlimini«h  the  amount  of  wear,  and 
inoreaae  the  parsianence  of  the  whole.  To  the  eye  of  a  practised  mechaiiic,  therefore, 
the  bcsutf  cf  a  piece  of  machinery  seema  to  depeai  more  on  its  simplicity  than  on  any 
other  principle.  The  fever  the  parts  required  in  any  apparatus  to  render  it  effi^tive, 
the  more  ingenious  is  its  contrivance,  and  the  less  ia  it  liable  to  derangeniQat,iira^ularity, 
and  decay, 

OoTsmliig  Fswui. — Next  in  order  to  contrivancea  tia  commoniMtiug  power  or 
notion,  may  be  studied  those  for  Tegulattng  and  govenui^  it,  so  as  to  aooure  nnifonDity 
of  Bction.  All  the  forces  we  employ,  with  the  eioeption  of  gravity,  are  subject  to  oon- 
tinusl  variations  of  intensity;  and  even  the  most  onifonnly  regulated  forces,  irhon  trans- 
mitted through  trains  of  machinery  necessarily  impcifcct,  are  Bubjeoted  to  considerable 
variations.  Further,  t^  fbrees  we  employ  are  chiefly  used  for  effecting  changes  on 
materials ;  and  as  the  qualities  and  conditiona  of  tha  materials  vary,  so  the  quantities  of 
force  required  to  do  t^e  Work  upon  them  differ.  It  becootea,  therefbrc,  most  important 
that  arrangements  Bhould  ba  devised  for  compeiksating  all  tlkese  variations  of  tecs ;  and 
accordingly  great  ingenuity  has  been  developed  in  contrivaoceB  for  that  purpose.  We 
may  quote  a  very  beautiful  specimen  of  mechanic  akill  applied  for  a  purpose  of  this 
kind,  in  oider  to  illustrate  the  great  use  of  such  arrangements.  Wind-power  is  used  to 
s  great  extent  for  putting  maohineiy  in  motion ;  ai^  yet,  as  we  alt  know,  nothing  is 

:«  variable  than  the  force  of  wind,  both  in  direction  and  intensity.    In  fbrmer  times 

id-millg  were  made  bo  that  the  miller,  watching  the  direction  of  the  wind,  could  torn 
round  the  sails  of  his  mJJl  to  bee  it,  and  iiiil  or  unfurl  those  sails  as  he  found  the  breese 
strong  or  too  light  to  give  the  velocity  of  movement  ho  might  require.  But  in 
uodam  wind-roUls  the  wind  itself  is  made  to  regulate  the  mschinery  by  simple  but  in- 
genious srrsngemeats.  In  the  first  place,  if  the  wind  change  in  dircctioii,  it  neoesearily 
blows  upon  a  amsll  subeidisry  set  of  sails  placed  so  that  they  can  bo  acted  on  by  a  wind 
that  does  not  directly  Uow  upon  the  main  anni ;  by  a  little  simple  machinery,  tliis  side- 
action  of  the  wind  is  made  to  turn  round  the  head  of  the  mill  until  it  brings  the  great 
sails  itlto  the  proper  poution  to  recdve  its  direct  impulse — just  as  the  wind  acting  on  a 
weath«cook  brings  the  anow-poiut  round  to  taae  it,  by  its[a«ssnrS0Qtbe  broad  feather 
Lt  the  other  end.  Again,  should  the  force  of  the  wind  increase,  this  very  increased 
force  is  made  ta  act  upon  a  regulating  f^paratus  so  as  to  furl  the  diSerent  divisions  of 

sails,  or  to  turn  the  nir&ces  of  which  they  are  made  up  edgeways  to  its  impulse,  and 
thereby  to  i<inii¥iiiJi  the  aor&ce  rai  which  it  acts  proportitmally  to  its  increase  of  inten- 
sity.   The  consequence  of  these  contrivances  is,  that  fotm  whatever  quarter  the  vrind 
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may  blow,  the  %sMs  of  ike  mill  are  alvajs  directJf  opposed  to  it  so  m  to  Tsoeive  iIb  full 
BctioQ  ;  and  whatever  be  its  farce,  whether  a.  gentle  gale  or  a  stiff  breeze,  the  power 
communicated  to  the  machinery  docs  not  greatly  Tiirj.  Perhapa  tlie  most  ingeniouB 
devices  for  regulating  power  and  velocity  are  tho80  employed  in  apparatus  for 
OiB  measurement  of  time — docks,  watches,  and  the  like,  which  fbim  one  most  inl«i«stiiig 
biKnch  of  mechamcal  art,  Horoli^y. 

Hfttiue  of  MmrhtllTi — Having;  obtained  the  power  necessary  for  our  purposel, 
and  having  found  the  means  of  eonmmnicating  it  to  our  maehines,  and  of  regulatjng  iu 
intensity  ao  as  to  suit  Ute  work  to  be  done,  we  bave  next  to  inquire  into  tbo  nature  oT 
the  machines  themselves,  or  the  contrivances  through  which  the  power  is  made  to  act  oa 
the  inert  material  subjected  to  it. 

We  caa  scarcely  venture  to  offer  a  very  distinct  dastufication  of  machines;  not 
indeed,  in  a  work  of  limited  compass  like  the  present,  could  we  pietcnd  to  discuss  in 
detail  all  the  diffbrent  classes  of  machinery  now  in  use.  The  subject  la  so  extensive  and 
demands  so  minute  a  knowledge  of  what  has  been  done  by  thoosands  of  ingenioaS' 
mechanics,  that  even  the  pro&saed  machiniat  cannot  pretend  to  an  intimate  acquaintance^ 
with  every  branch  of  it.  But  the  ^ualidcs  of  mind  and  the  e:^eiimental  training,  which 
tender  a  man  skilful  and  adept  in  one  or  two  of  these  branches,  make  it  easy  for  him  to 
late  up  intelligently  any  ollior  branch  that  may  be  brought  under  his  notice.  The  soma 
general  mechanical  principles  pervade  all  kinds  of  machinery,  the  modes  of  applying 
them  being  Taried  according  to  the  nature  of  the  material  subjected  to  their  operations, 
or  to  the  hind  of  work  to  be  done.  With  the  exception  of  certain  special  apparatus,  we 
believe  almost  all  the  machinery  used  in  modem  times  m^  he  cUssed  ondet  some  of 
the  following  heads  : — 

I.  Machinery  for  raising  Weights  and  giving  Preiture. — Among  these  wc  may  notice 
especially  the  simplo  mechanical  powers,  the  lever,  wheel  and  axle,  pulley,  inclined 
plane,  wedge,  and  screw.  Neit,  in  order  of  complication,  may  be  Dientioned  such 
machines  as  cranes,  crabs,  capstans  and  windlaases,  slips,  tackle  and  tntvcUera,  jacka, 
screw  and  lever  presses,  printing  presses,  and  the  like. 

n.  Maehiaerji  for  iffectmg  Trantit  and  Cottttmmieation. — This  branch  has  of  late 
ycaq  attained  immense  importance  by  the  extended  use  of  railways  and  sCeam  vessels ; 
and  under  the  head  of  transit,  it  will  embrace  the  consideration  of  vehicles  for  land 
transport,  lud  vessels  for  water  carriage,  and  the  vaiious  modes  of  putting  them  in 
motion.  For  the  communication  of  intelligence,  we  now  ;«'actiBe  an  art  unknown  in 
fbrmcT  times,  and  one  deserving  of  detailed  consideration  irom  its  marvellous  natum  and 
the  important  influences  it  is  likely  to  exercise  upon  human  civilization.  We  allude  to 
the  electric-telegraph,  to  which  perhaps  greater  ingenuity  has  been  devoted  within  a 
few  years  than  boa  been  dieplayed  in  any  other  branch  of  mcchnaieal  ait  duiing  pre- 
ceding ages. 

III.  Machinery  far  Moving  Fluidi. — This  branch  naturally  includes  hydraulic 
apparatus,  suih  as  pumps,  fire-engines,  hydraulic  presses  and  lifls;  and  also  machinery 
for  moving  air,  such  as  bellows,  blowing-cylinders,  fanners,  and  die  like. 

IV.  Maehinery  for  ehangittg  the  farmt  of  Solid  Jfaimoto.— This  is  perhaps  the  most 
extensive  branch  of  mecbanicEJ  art,  as  it  Includes  all  apparatus  for  ontting,  pieiuing, 
moulding,  bending,  crushing,  and  such  like  operations.  It  maybe  aubdivided,MC<vdin{f 
to  the  materials  on  which  the  operations  are  to  be  effected,  as  follows : — 

1.  Machinery  for  preparing  animal  and  vegetable  produets ;  as  oil,  tallow,  leather, 
flour,  sugar,  vegetable  oils  and  extracts,  caoutchouc,  and  gutta-percha. 
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2.  HachiileTy  for  preparing  mineral  products ;  u  stonea,  bricks,  cements,  ores, 
pottery'irere,  glan,  pigmenta,  and  the  like. 

3.  Madiiiierf  for  Bawing,  [llaning,  mouldiDg;,  ben^ng,  and  earring  timber. 

4.  Hadiinery  for  volldiig  metals ;  as  in  the  operations  of  moulding  and  casting, 
forging,  rolling,  and  wire-draving ;  bending,  shearing,  punching,  and  riretting ;  drilling, 

V.  Machiniry  utfd  in  lie  matrnfacture  of  Textile  Fahria.—T\as  is  Hkewisa  a  most 
extonaive  and  iotcrestjiig  brancli  of  mechanical  art,  and  one  of  the  big]it}st  importance 
0  us  as  a  nation,  as  well  as  to  the  world  at  large.  It  includes  directly  the  apparstua 
and  processes  employed  in  preparing  the  crude  materials,  such  as  wool,  flax,  cotton,  and 
silk ;  the  Taxioua  opcrationi  of  dressing,  carding,  spinning,  weaving,  dyeing,  bleaching, 
calico-printing,  and  tbe  like.  Under  the  same  head  may  also  he  discussed  the  machinery 
for  making  ropes  and  cordage,  and  far  the  manufacture  of  paper, 

TT,  Maehinery  for  Miamring  and  CakulatiH^.— The  appgratug  included  in  this 
class  are  mostly  of  tiiat  CEOot  character  required  for  philosopbieal  oxpcriment  and  ob- 
servation, such  as  indicators,  dynamometers,  gauges,  balances,  and  mathematical  and 
-optical  initnunents ;  but  there  is  one  citensive  and  interesting  branch,  horology, 
devoted  to  apparatus  tor  tbe  measurement  and  division  of  time,  which  will  deserve 
especial  conuderation,  bb  well  from  its  uacfulncsa  oa  liom  the  great  ingenuity  displayed 
In  this  class  we  maj  include  some  other  apparatus,  which,  though  not  distinctly 
fiillii^  within  the  scope  of  its  title,  yet  present  in  some  respects  oonsidershle  similarity 
to  some  of  those  included ;  we  mean  automata  and  musical  iustrumenta. 

These  siz  classes,  we  believe,  include  tbe  greater  port  of  the  machinciy  used  in 
modem  times,  with  the  exception  of  such  as  rather  fall  witiiin  tbe  range  of  other 
treatises  than  of  one  devoted  to  practical  mechanics, — as,  for  instance,  agricultural  ii 
plements,  and  implements  of  war.  In  what  foUows  we  will  not  pretend  to  give  detailed 
descriptions  of  many  of  tbe  different  machines  included  in  those  classes ;  we  shall  ei 
■deavour  rather  to  select  a  few  of  such  as  are  most  generally  used,  and  involve  in  the 
construction  the  principles  which  are  applied,  in  a  modified  form,  to  others, — rcaervir 
the  subjects  themselves  for  future  exposiCinn. 

While  improved  education  and  extended  acquaintance  with  principles  have  placed 
those  who  direct  mechanical  labour  in  a  better  position  aa  to  knowledge  of  their  art, 
the  division  of  labour  and  the  extensive  use  of  mechanical  contrivances  in  the  place  of 
manual  labour  have  certainly  lowered  the  position  of  the  workmen  as  to  genera]  know- 
ledge of  their  trade.  Formerly,  the  millwright  knew  all  about  the  machinery  he  made, 
and  could  turn  his  hand  to  all  the  operations  required  in  its  construction ;  now,  there 
re  meebanics  who  can  only  turn,  others  who  can  only  file,  and  only  very  few  who  to  skill 
f  hand  unite  a  knowledge  of  the  machinery  of  which  they  esecute  portions.  We  are 
convinced  that  this  state  of  things  is  injurious  both  to  workman  and  to  master;  for  a 
a  can  never  labour  with  hearty  good-will  at  work  which  he  does  not  understand, 
I  in  which  ho  therefore  takes  no  intelligent  interest ;  ho  can  only  act  as  the  machine 
at  which  he  works,  and  he  is  thus  morally  and  intellectuolly  degraded.  We  would 
bave  every  workman  understand  tbe  character  and  tendency  of  his  operations,  and  take 
an  interest  in  them.  He  would  thus  bi;  reliiivcii  from  much  of  that  monotonous  drudgery 
which  his  ignorance  forces  bim  to  undergo ;  he  would  be  prcpored  for  emergencies  j  he 
would  see  modes  of  economising  labour,  end  of  improving  the  work  on  which  he  might 
be  engaged ;  and  he  would  he  provided  with  a  source  of  ratianal  amusement  in 
leisure  hours. 
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Bnt  not  to  the  mechaiucal  workman  ilone  da  yn  think  that  a  general  knovledge  of 
pnctical  mechanics  Bhoolcl  be  aapplied;  ire  think  that  it  ehould  fonn  part  of  the  eda- 
oation  of  every  one,  vhaterei  be  his  position  and  his  proepeets.  We  have  seen  of  lata- 
deplorable  inatances  of  want  of  contriTance  in  military  a&in,  and  of  Bacrifiees  of  blood 
treasure  in  consequence.  We  are  eminently  a  commercial,  manufacturing,  agii- 
ooltunil,  and  coloniziiig  nation;  our  commerce  is  conducted  by  meani  of  railways, 
■team  and  sailing  vessela,  and  requires  warehouses,  docks,  and  quays ;  our  mtmu&ctares 
•re  rU  die  product  of  mecbanical  cuntriTances ;  our  agriculture  is  nov  rising  to  ita 
just  position  as  a  mecbanical  and  obemical  art ;  and  our  colonies  have  been  saccesaful 
frun  the  enei^  displayed  by  oar  emigrants  in  givii^  scope  to  their  natural  genius  fbr 
mechanical  adaptation  of  means  to  an  end.  Of  late  we  hare  assumed  tbe  position  of  a 
warlike  nation,  and  wo  haye  sadly  asked  ourselTes  why  there  has  not  been  employed  i» 
war  any  of  that  mecbsnical  skill  and  ingenuity  which  charact«rize  out  peaceftd  arts. 

Notwithstaiiding  all  this,  pradicsl  mechanics  bare  never  yet  been  oultirated  as  a 
branch  of  general  education ;  and  consequently  every  ^f",  whatever  bo  the  walk  of 
in  which  he  chooses  to  tread,  bas  to  begin  his  real  edacation  after  he  leaves  school. 
We  think  this  evil  should  be  remedied, — that  every  man  sbonld  haye  instilled  into  bia 
mind  in  his  early  years  a  thorough  biowlodge  of  commort  things,  so  that  when  ho 
advances  in  life  he  may  enter  more  readily  on  any  of  the  professions  or  trades  practised 
It  bome,  and  be  the  better  prepared  fbr  tile  emei^encies  of  ootnmerce,  colonization,  or 
vartike  expeditions  abtoad.  Among  the  population  of  the  land  there  lies  dormant  avast 
mnt  of  talent  and  ingenuity,  which  at  pteaont  is  so  much  loss  of  oai^tal  to  onr 
country  and  to  the  worid.  Let  some  opoiing  be  made  fbr  its  cultivatian,  and  we  doubt 
not  that  a  few  years  would  bring  about  a  more  aataniahing  development  of  onr  resources, 
eztensioil  of  our  commerce,  and  improvement  in  our  arts,  Iban  all  the  manellons  advance 
c^  the  last  thirty  years.  While  we  flilly  admit  tbe  high  inq>ortance  of  other  branches 
of  mental  and  moral  training,  we  would  also  strongly  urge  the  advantages  of  insight 
o  themechanieal  arts,  because  tbroughUieir  extended  cultivation  wc  expect  to  secure  a 
M  incresse  of  our  material  prosperity  and  comforts,  a  great  diminution  of  labour,  im- 
provement of  health  and  strength,  and  much  diffiiaion  of  intelligence  among  all  claasea. 


MECHANICAL  DRAWING. 
KniMriedg*  of  Sift  wins  Eaamtlal. — In  the  actual  practice  of  mechanical 
art,  drawings  are  invaluable ;  they  show  the  true  forms,  dimenaions,  and  atrangementa 
of  machinery  to  tliaee  accustomed  to  their  use  with  greater  cleamesBlhan  a  model,  or  even 
fhe  ftall-aized  woA  itself.  The  diang^taman  devises  the  arrangement  of  bis  machinery  ; 
■ketches  it  on  paper ;  calculates  the  atroi^;th  and  proportion  of  the  paria  -,  draws  them 
out  tHill-nie  orto  some  suitable  scale;  studies  their  cfnnlnnations  on  paper;  improves  this 
part^  strengthens  that  part ;  modifies  the  tonaa  so  as  to  save  complication,  material,  or 
oost  of  workmanship ;  traces  the  action  of  the  whole ;  provides  safeguards  against  acd- 
jent  or  nndue  Wear  and  stiain ;  and  having  at  length  folly  embodied  his  ideas  on  his 
plans,  sectums,  at  elevations,  places  them  be&re  tho  workman  for  execution.  The 
workman  has,  in  general,  no  need  to  Etudy  any  of  those  details  which  fall  within  the 
province  of  tlie  draughtsman ;  he  bas  ool;  to  put  hia  rule  to  the  drawing,  and  meaanring 
every  dimenaion  IlKre  indicated,  shape  the  material  with  which  he  deals  in  exact 
aecoidanoe  with  it    Without  drawings  it  wo^  be  impoMible  to  make  any  advance  in 
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nedunical  ut.  Tha  ptpW)  pomul,  ink,  and  coloon,  are  cheap  materiali ;  and  the  timu 
and  labour  ocm^ied  in  mf^^ig  a  dnwing  are  u  ootluiig  compai^  with  Uie  work  in 
blbjoning  tlie  «^  material.  To  scliems  on  paper  is,  thorefiini,  moat  advontogeaiu  in 
erery  point  of  view,  ai  by  that  procea  only  can  be  aecurcd  that  economy  of  material 
and  labour,  liaimony  of  action  and  jiutoen  of  proportion,  wMcli  oanatitute  tlie  beaulj,of 
a  mecliaiiiiwl  dsTics.  To  icbeioe  in,  tHa  soKd  msterials  is  a  most  eipensite  as  well  a* 
nnaatisfiicloty  proceaa,  and  ooe  that  aeldom  leadi  to  aucceiaful  results.  Wo  know  of 
no  cimiumtance  that  can  warrant  ita  adoption,  ezoept  in  caws  whore  then  is  no 
practical  c^ierieoce  to  guide  the  mechanic  aa  to  the  power  required,  or  the  mode  of 
operaUon  auitodto  the  work  he  haa  in  hand.  Ereninauchoueait  u  generally  poaaible, 
by  the  exerciaa  of  a  little  judgment  and  ingenuity,  to  airaage  MOUe  simple  and  ineipen~ 
^Ta  experiment  which  may  give  to  a  pmctical  num  a  tolerable  notion  of  the  kind  and 
acal^  of  machinery  that  will  be  lequired. 

A  ayatem  of  meohanical  notation  waa  proposed  aome  yean  ago  by  the  ingenioua  Ur. 
Bnbbage.  In  devisog  bia  calculatdog  machinery,  which  coomstcd  of  a  great  number  of 
IiBrti,  many  of  them  merdy  repetitiona,  he  found  it  difficult  to  imagine  all  their  aimul- 
faneoua  moromeuta  without  an  eiccaaiva  and  painful  eiGTciae  of  that  mental  power 
which  has  to  deal  with  luoh  matters.  Se  therefore  attempted,  and  with  considerable 
■uccesB,  to  trace  by  written  aymbob  the  flow  of  motioD  through  a  train  of  machinery. 
"W^e  are  not  aware  tliat  hia  ayalem  of  notation  haa  lioen  adopted  by  practical  men. 
Indeed,  moat  of  the  complex  machinery  with  which  tho  ongine«r  haa  to  deal  ia  of  a  kind 
similar  in  many  reapecta  to  wcika  previoualy  executed,  embodying  improTementa  that 
may  have  been  from  time  to  time  effected  in  them ;  hia  mind  is,  therefore,  in  a  manner 
prepared  for  the  oonoeption  of  the  varioua  motiona  and  connectiona  by  hia  practice  in 
watching  those  in  machinea  in  action,  and  he  haa  con^aratively  little  difficulty  in  fully 
imagining  the  intended  action  of  thewoA  on  whidi  he  may  be  engaged.  Itwill.therefiire, 
lie  our  first  duty  to  ofler  a  fbw  practical  auggeationa  on  drawing  as  apjdied  to  """'''"i" 

Piute  Sm&CM. — When  we  hare  to  draw  a  triangle,  square,  circle,  or  any  other 

ation  of  it  in  ceapect  of  fonn  and  dimendooa.  The  paper  on  which  we  diAW  ia  itself  a 
plane  surGicQ ;  and  so  long  as  wo  are  not  limited  in  length  and  breadth,  we  can  delineate 
any  form  whatever  upon  it,  In  the  aame  manner  WQ  can  describe  any  of  the  flat  faces  of 
any  object  prceented  to  ua,  such  as  a  circle,  or  pyramid,  or  prism ;  and  ^vo  an  accurate 
representation  of  any  two  of  ita  dimenaiomt,  whether  we  call  tJieee  by  the  names  of 
length  and  breadth,  or  height  and  width.    But  when  we  have,  to  delineate  a  solid  body 

paper  to  pieces,  shape  it  so  as  to  correspond  with  the  different  taeet  of  Uio  body,  and  put 
them  togotberinBimilar  order,  soas  tofbrmsiaodelof  it;  or  we  must  hare  recaune  to 
some  de>ice  that  shall  enable  us  to  comprehend  for  ourselves,  and  to  cunmiuuicate  to 
others,  an  accurate  nation  of  the  solid  body  wo  propose  to  delineate  on  a  flat  aar&ce. 
When  the  painter  draws  a  portrait,  or  executes  a  landscape,  he  has  to  imagine  Qiat 
between  iiis  eye  and  the  object  which  he  draws  there  is  interposed  a  surCice  or  sheot  of 
some  kind  on  which  he  aecs  the  object  drawn  as  in  his  picture.  He  delinwtes  it  oft 
the  canvas,  therefiM^,  exactly  aa  it  would  i^ipear  upon  this  interposed  screen.  In  a 
oamem-obscura  tho  lays  of  light  proceeding  from  every  point  of  objects  presented  to  it, 
are  concentrated  or  gathered  bother  by  a  lens  into  a  particular  plac«  or  focus  behind  it. 
A.  piece  of  trosted  glass  placed  in  this  fooua  offeia  a  surtace  for  these  raya  to  illuminate, 
with  their  rcspcctiTe  lights,  shades,  and  colouis;  and  as  observer  looking  on  tho  froatad 
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dau,  see*  ft  pvfect  ministoiT!  picture  of  the  objecU.  A  plate  of  prepared  metal  or  ghat 
placed  in  tho  fooiu,  receives  eiacti;  fho  eame  picture  ;  and  certain  cabstnncea  epreod  over 
ita  suiface,  rendered  leiuLtiTe  to  dicmical  propertiee  of  ihjb  of  light  whidi  the  ejv 
cannot  appreciate,  undergo  changea  ux  &cir  conBtitutionj  which,  can  be  rendered  pertn^ 
nentlj  vMUe. 

StAWing  Onfeea. — Pioturei  are  thua  produced  by  hand  and  by  pliotogiaphy, 
which  present  upon  flat  sur&ces  delincntianB  of  aolld  bodies  ai  they  appear  to  the  eye. 
Bat  if  we  were  to  apply  i  compan  or  a  rule  lo  the  meaaurement  of  the  bodies  repre- 
•ented  in  tJiese  pictures,  and  also  mensure  the  objects  themselves,  we  should  find  the 
angles,  dimBiiiii"nS|  and  proportions  of  the  picture  totiinj  different  from  those  of  the  real 
bodies.  Thu*  a  cube,  sach  as  a  die,  which  has  six  equal  square  tacee.  marked  by  dot! 
as  in  Fig.  3,  when 
rqirescntfido 

such  an  appearance 
as  in  Fig.  4,  where 
only  tlree  ude«  are  viaibU, 


^HHS 


Hg.  » 


lines  engraved  oi 


lem  squares,  and  no  two  slike :  not  a  single  angle 
n  equal  to  tliose  in  the  die  itself.  And  yet  the  picture 
may  be  a  perfectly  true  delineation  of  the  die  as  it  appears  to  the  eye 
of  au  obaerrer.  Now,  if  a  woAman  were  furaislied  with  such  a 
picture,  and  required  to  nuke  a  die  acoording  to  it,  he  could  have  no 
conception  of  its  fiinn  and  dimenidoiis.  For  instance,  he  might  cut  a 
pieoe  of  plate  to  the  shape  of  an  irregular  six-sided  figure,  with  three 
it  meeting  at  a  point  near  ita  middle,  and  certain  dots  marked  at  the 
distances  indicated  on  tlie  picture.  He  would  llieu  have  made  a  solid  body  which 
viewed  in  one  direction  would  certunly  present  the  appearance  of  the 
picture.  Even  if  tlie  picture  were  shaded  and  mari^ed  by  dotted  lines, 
indicating  the  inviiible  edges  of  the  die,  as  in  Fig.  5,  he  could  not,  with- 
out further  information  as  to  its  meaning,  constiuct  a  solid  body  such  as 
would  answer  to  it.  He  waul4  have  tube  told  that  it  was  a  solid  having 
six  equal  flat  sides,  which,  viewed  in  a  certaindirectian,and  at  a  certain  ng.s. 
distance  from  the  eye,  under  light  Mling  upon  it  at  a  oeziain  angle,  presented  the 
appearance  of  the  picture.  He  would  then  eitiier  model  all  conceivable  kinds  of  six 
oqual-sided  bodies,  and  try  each  in  the  given  aspect,  or  he  would  work  out  geometrically 
some  other  properties  of  the  body,  such  as  might  enable  him  to  construct  it.  If,  on  the 
-other  hand,  instead  of  having  such  a  peiapectiva  picture  presented  to  him,  be  had  a 
•drawing  like  Fig.  3  placed  before  him,  and  were  told  to  make  a  piece  of  ivory  of  such  a 
4hape  that  each  of  its  ux  udes  should  be  exactly  of  the  form  drawn,  and  eiUier  of  its 
dimeusiona,  or  some  given  multiple  or  fraction  of  these  dimensions— 
•a  for  instance,  for  every  inch  on  the  drawing,  three  inches  in  the  die 
itself — he  would  at  once  com- 
prehend and  execute  the  work 
required  of  him. 

Snwing  CrUadaiB.— In 
ke   manner,  if  a   cylinder  or 
roller  were  pictured  as  it  appears 
""■  "■  lo  the  eye,  with  its  light  and  "«■  '■ 

shadow  as  in  Fig.  6,  the  workman  might  guess  at  ita  foim,  but  could  asecitsin  nothing 
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t  dimeonoiu.  Bat  if  be  vete  told  to  make  a  thing  of  wliioh  tlie  drawing  ii, 
vLea  delinemted,  one-quuiter  of  its  fiUl  size  (Fig.  T),  be  could  at  once  form  his  oMtxial 
to  III  proper  diameter  and  lengtli,  bj  meamiing  the  drawing,  and  allowing  an  inch  in 
'  i*  work  for  every  qnailer  of  an  inch  on  the  drswing. 

The  abject  of  mechanical  drawing  is,  therefore,  not  to  preaeat  a  delineation  of  any 
object  aa  it  appears  to  the  eye,  but 
~  to  famiBh  the  exact  figarea  and  di- 
meniiona  of  ita  parta  in  gnch  an  in- 
telligible manner,  that  solid  materials 
may  bo  iaabioned  into  ahapea,  whose 
parts  ahali  have  similar  fonns  and 
proportions.  Tha  principle  on  which 
mecbanieal  drawing  ia  founded,  is 
that  of  projection  on  plane  surfaces. 


C Hj 0 


which  we   ElmJl  now  erideaTeur  t4 

Suppose  a  abeet  of  paper  were 
cut  to  the  form  A  B  D  E  C  H 
(Fig.  8),  and  folded  across  where 
mariced  by  the  dotted  lines  H  G  and 
H  F,  the  two  parts  A  B  G  H  and 
C  H  F  E  being  turned  up  so  as  to 
stand  at  li^t  angles  or  square  to 
*^-  '■  H  G  D  F,  and  to  one  another  aa  in 

Fig.  9,  fonning,  as  it  were,  three  sides  of  a  square  box ',  then  each  of  these  tliree  portions 
of  Ibe  paper  becomes  what  is  called  a  "plane  of  projecticra"  for  receiving  tho  topre- 
le  of  the  sidea  of  a  solid  body  placed  somewhere  within  the  imaginary  box 
of  which  they  ftinn  the  sides.  Let  os  suppose,  for  instance,  that  a  die  Were  suspended 
iritbia  the  box  (Fig.  10),  and  that  from  every  point  in  each  of  the  snr&ces  of  the  die 
ntposed  to  the  three  aides  of  tho  bra,  linea  were  supposed  to  be  drawn  perpendicular 
n  square  to  those  sides  as  indicated  by  the  dotted  lines ; — then  the  lines  joining  the 
intenections  of  the  dotted  lines  with  tho  upright  and  horizontal  sur&ces  would  enclose 


figures  accurately  representing  in  form  and  dimdudons  the  sides  of  the  die  presented 
to  them.  The  paper  being  then  unfolded,  would  contain  a  mechanical  drawing  of  the 
die  [Fig.  11],  exhibiting  accurately  the  forms  and  dimensions  of  three  of  it 
In  order  to  get  a  drawing  of  the  other  three  aides,  the  sides  of  tl    ' 
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Btiglit  havB  Bunilir  flgorea  projected  or  thrown  upon  them.  It  U  evidait  tliat  irhatarer 
be  the  situation  of  the  die  eu  to  distance  &oia  eithei'  of  the  tliree  pknes  of  projeotioa, 
there  will  be  no  difibmnee  in  the  drawing ;  the  form  delineated  will  be  tlie  stime,  though 
It  may  appear  on  a  different  part  of  tbe  paper. 

Muaea  of  Vmjaotlons. — The  namee  usually  given  to  the  three  drawinga  of  an 
object  aro  those : — The  projeotion  on  the  homoatsl  plane  or  bottMa  of  &&  box,  is 
cdled  the  pl<m  ;  and  the  projectionB  on 
the  rertical  planes  or  uptight  sides,  are 
called  timatieni.  One  of  the  elerations 
may  be  called  tbe  tide  devation,  or  side 
■new ;  and  the  other  tiie  eud  elevation, 
or  end  view ;  while  the  plan,  when  pro- 
jected upwaixU  Mr  on  the  top  of  the  box, 
ia  tometdmes  called  the  bird's-eye  view, 
hsTing  nearly  the  form  which  an  object 
would  present  to  the  eye  of  a  bird 
•ociing  above  it  For  drawing  the  ei- 
terion  of  all  Kilid  bodies,  bounded  by 
sbaight  lines  «nd  flat  tuifoeea,  these 
projectiotis  are  gouially  safficient  But 
it  is  often  neoewary  to  make  suoh  draW' 
ing  aa  shall  give  a  correct  notion  id  the 
intmor  conttniction  of  bodies. 

Suppose,  for  instance,  we  wished  to  ^' 

hare  a  cobieal  box  OMutntcted  of  wood,  lutving  a  oertmn  thickness,  and  fitted  with  a 
vertical  partition  of  a  oertain  height,  and  at  a  certain  distance  from  the  ends.  In 
udet  to  indicBto  this  by  a  drawing,  we  moat  show  its  interna]  cMistraclion.  To 
ottfeot  Ihis,  we  may  atill  use  the  three  planes  of  projectioQ;  but  as  these  planes  we 
imaginaiy  surfaces,  we  may  easily  conceive  some  of  them  to  pass  directly  through  the 
lubatance  of  the  box :  in  other  wwds, 
we  most  conceive  the  box  to  be  sawn  or 
any  direction,  and  the  form 


J  z 

• 
• 

prewnted  by  the  'parts  so  cut  projected 
ontheplan«a(Fig.l2).  Thus,  if  ahori- 
tontal  and  n  vestiosl  est  were  made 


Fig.  la. 

indicated  by  the  dotted  lines,  ve  ahoold  have  «  plaa  and  a  ride  olovation  of  the  ei 
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nu&iw,  in  whieh  the  thickneu  of  tike  wood,  Kud  the  pomtioa  and  height  of  the  pti- 
Ution,  would  be  (Jearly  ihown.  Thme  Tiews  would  be  called  uctioiu,  or  the  drawing! 
of  cnttings.  The  homontal  projection  would  be  a  aectional  plan,  and  one  of  the  Tet- 
dcitl  projections  wonld  be  a  iongitudioal  or  tnuuTMve  lection,  while  the  other  would 
■till  remMn  u  an  end  or  aide  elevatioii.  The  dotted  linea  A  A  and  B  B  on  the 
elevation  and  loction  oorreipond  with  the  horiiontal  plane  of  Kctaon ;  and  the  Unet  B  B 
and  C  C  on  the  end  eleration  and  plan  correspond  with  the  T«rtio«l  plane  of  aeoti 
laadntwing,  then,  of  a  box,  aachajin  Fig.  1^  which  would  he  eeen  on  nnfotdiDg  tiie 
p^er  of  projection,  enough  of  the  form,  thickneas,  poeitton,  and  height  of  the  paititioii 
would  be  represented  to  enable  a  workman  to  conalnct  the  box. 

Kow,  if  the  part  of  the  paper  containing  the  end  elevation  wore  cot  awa;  from  the  r 

and  tamed  round  lo  aa  to  bring  the  let- 


for  reading  them,  ai  in  Fig.  14,  the  accu- 
racy of  the  drawing  would  in  no  reipect 
be  altered,  provided  ^way«  that  it  w 
clearly  imdcratood  whatelcvatiana,  plana, 
or  aeotiona,  the  diffiai«nt  parts  of  the 
drawing  are  intended  to  represent.  Them 
is  anothermode  of  consideiing  thia  ques- 
tion. Therajaof  fij^tbywhiditheeyo 
is  enabled  to  petceive  the  fonni  of  i 
object,  proceed  liom  evray  point  of  tl 
object  in  struct  lines  to  the  eye.  Sup- 
pose, then,  one  fiioe  of  a  die  were  pre-' 
sented  direotly  to  the  eye,  as  in  Fig.  IS, 
the  raya  of  r^ectad  light,  proceeding 
F^.  14.  ftom  every  point  in  the  surface  of  the 

die  to  the  eye,  would  all  oonreige  or  draw  togethci  towards  the  nnall  opening  which 

the  pupil  presenla  -,  and  entering  there,  would  produce  the  Imags  which  tmablef  the 

spectator  to  see  the  object    Tlus  would  be  the- 

case  however  far  off,  or  however  near,  the  eye   r  --.^t-._  i .^^^ 

were  to  the  die)  but  the  greater  the  distance,        ■  *  •^\'j[v"_~-~-:^^5?"^^^^^ 

the  less  the  convei^senca  of  the  rays,  or   " 

more  neatly  are  they  patallel  to  each  other,  as 

may  be  clearly  seen  hy  the  diagram  Fig.  16,  ■"»■  w. 

is  supposed  to  be  the  object,  and  the  rays  of  light  proceeding  fonn  its 
indicated  by  the  dotted  linea  to  an  eyo  at  the  rarions  positiona,  a,  b, 
and  e.    While  those 
■^r;~ — _  to  the  eye  atocc 


slowly,  and  those  U. 

«  mm  slowly  stilL 

*^"'-  .   But  if  we  could  con- 

n  incalculably  great  distance  from  the  object,  and  siqipose 

■re  still  sottcient  to  receive  it,  the  oonrvgenee  of  the  raya 


ceive  the  eye  removed  t< 
&at  its  powers  of  -ridon 


c;. 
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vould  be  immeaaunblj  ilo'w :  or,  in  other  irorda,  the  rajs  would  be  lo  ttewly  parallel 
t  we  could  not  ^ppreciAte  my  oanTergencs  at  all.  Betaining,  then,  this  conception 
aztrema  distance,  -we  may  lay  without  emx  that  the  mja  are  quite  panilleL    We 

hare  in  nature  actual  euei  of  liua 

kind ;  for  tlie  fixed  atan  aie  bo  veij 

diatont  that   no   diffinence  can  be 
led  in  the  direction  of  rajB  of 

light  coming  from  them  to  the  eaxth 
t  difieieiit  part*  of  her  orbit,  al- 
though the  distance  across  that  orbit 

is  nearly  two  hundred  millioni  of 

Kow,  we  have  already  deaoribed 
that  the  different  projections  of  an  ob- 

;  are  farmed  by  luj^Kimng  parallel 
lioea  to  be  drawn  fiom  the  different 

its  of  it  to  cejtaiu  pluiei ;  and  if 

atqipose  these  paioUel  lines  were 
raye  of  light,  such  m  we  have  de- 
scribed, prooeeding  to  an  immeaitir* 
ably  diatsnt  eye,  we  aUaJn  a  mode 
of  undetstaeding  what  these  projeotioni 
horizontal  projection  is  the  view  which 


c 

i 1 



-TKrf  i 

B 

1 — , 

1        ><i:^ 

x-sidedends.   SuppodngH  to  stand 


Tig.  17. 
a.  According  to  this  notion,  the  plan  or 
ibjoct  would  present  when  we  look  directly 
down  on.  it,  or  directly 
up  to  it,  ftom  a  great 
distance  ;  the  side  and 
.  end  eltratioas  are  the 
direct  views  of  the 
side  and  end  reapeo- 
tiiely ;  and  sections 
are  the  direct  views  of 
the  object  when  cut  or 
sliced  acrcMtn  any  di- 
rection. Bearing  Ihie 
in  mind,  we  may  then 
be  prepared  to  make 
piechanical  drawings 
of  most  objedB  with 
&eility. 

Bappam,  to  ex- 
Bmple,  we  had  ts  draw 
an  object  such  as 
nudhematicisns  would 
call  a  hexagonal  prisn 
—-that  is  to  wy,  a 
solid  figure  having  six 
equal  oblong  sides  and 
I  of  thsse  ends,  and  tlmt  we  looked  directly 
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re  ihould 


doTnupoQit,  ire  Bhonld  we  iU  pUu,  which  ib  a  hexagcm  (A,  Fig.  17).  Again,  loc^dng 
diiecll;  on  the  angle  fbrmed  hy  the  tvo  lidei  a  and  b,  we  shonld  see  the  eleraiion  C, 
■howiiig  the  two  retreatiiig  sides  a  and  b;  and  hx^jng  direct  on  the  ude 
« the  eleTKtion  B,  showing  Uie  full  fivnt  Tiev  of  e,  and  views  also  of  die  ti 
dea  b  and  d.  The  dotted  lines  represent  portions  of  the  aupposed  parallel  rays  of  li^t 
proceeding  &«m  the  angles  of  the  ohjoct,  and  prolonged  to  fonn  lines,  projections,  or 
drawingaof  the  two  views,  thepositionof  the  top  and  bottom  lines  of  these  projectdons 
being  determined  by  the  height  of  the  prism  which  we  soppose  ta  be  given. 

Let  us  now  suppose  that  the  same  prism  is  to  be  made  with  a  circular  hole  paasing 
through  ita  centre  &om  end  to  end,  we  may  show  the  same  views  as  before,  and  in 
addition  to  them  two  sections,  as  in  Fig.  IS. 

The  lines  A  A  and  B  B,  through  which  llie  sections  or  cuttings  are  supposed  to  be 
lade,  are  marked  on  the  plan,  and  the  sections  are  formed  eiacUy  like  the  elevations 
by  tracing  die  different  points  of  the  objectwhcrethe  section  lines  cut  it,  as  indicated  by 
the  dotted  lines.  'We  have  hatched  oi  drawn  diagonal  lines  across  the  solid  parts 
which  are  supposed  to  have  been  cut  asunder,  in  order  to  distinguish  Ihem  by  a  sort  of 
shading  from  the  open  circular  part  where  no  solid  material  is  supposed  to  have  becm  cut 
through. 

We  will  now  take  a  somewhat  more  complicated  drawing  as  an  illustration — for 
istance,  of  a  toothed  wheel,  in  front  elevation  (Fig.  19),  sectional  plan  on  the  line 
A  A,  and  elevation  as  seen 
edgeways,  which  we  shall  call 
'       mde  elevation. 

In  this  case,  as  in  the  for- 
mer, the  dotted  lines  are 
drawn  parallel  to  each  otter 
from  the  different  visible 
points  or  edges,  and  flunish 
na  with  the  positions  of  these 
in  the  side  elevation  and  plan ; 
the  width  of  the  teeth  and 
thickness  of  the  material 
being  supposed  to  be  known 
independently. 

Vz«}««tloii  «f  Ciures. 
— By  the  same  method,  draw- 
ings of  curved  lines  may  be 
made,  some  consideration 
being  given  in  each  case  of 
the  mode  most  suitaUe.  Let 
In  die  first  place,  we  must  understand 
revolving  round  ita  axis,  and  1 


Fig  19 
n  oxamplo  a  drawing  of  a  i 


us  take  fbr 

what  a  screw  is.    Suppose  a  oylii^er  or  roller 

while  it  was  so  revolving  a  pencil  or  sharp  point  were  held  against  it.  If  the  point 
re  at  rest  while  the  roller  revolved,  a  simple  circle  would  be  described  on  the  surface 
of  tiie  latter.  But  snppose  that  whila  the  roller  revolved  the  point  were  made  to 
traverse  lengthways  along  it,  then  a  screw-line  would  be  drawn  on  flie  snrflice  (Fig.  20). 
The  pencil  having  begun  to  mark  tho  roller  at  a,  and  having  advanced  to  i,  while 
10  roller  has  made  one  complete  turn,  tlie  screw  line  aeh  would  be  maikxd  on  ita 
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iurfecc  As  TO  coold  not  we  botii  sides  of  the  roller  at  odoo,  ve  can  only  dtav  the 
part  ocof  IbeEcniwasTiaible,  the  other  parte  A  being  madudbj  a  dotted  Une  to  show 
that  it  eziits,  and  would  be  seen  were  the  toller  tnnapareot.  The  irhob  line  a 
would  he  oiled  a  thread  or  oomploto 
turn  of  the  screw ;  and  the  dittance  a  b 
would  be  called  the  pitch,  or  distance 
between  two  adjacent  threads.  It  ia 
clear  that  were  the  roller  to  continue  to 
I  the  pencil  1o  advance,  the 
thread  would  continue  to  be  marked  u 
a  the  lUT&ce  of  the  roller  might 
extend.  The  screw  marked  In  the 
figure  would  be  technically  called  a 
"  drunken  thread,"  or  be  *aid  to  be  of 
irregular  pitch,  as  there  waa  no  relation 
between  the  vehxuty  with  which  the  roller  wTol»ed  and  the  pencil  advanced  n 

But  if  while  the  roller  Terolvod  uniformly  or  with  regular  and  eqna]  Telocity,  the 
pencil  also  advanced  uniformly,  a  thread  would  be  traced  perfectly  regular  and  equal  in 

bU  its  parts,  or 


_ai_ 


■J. 


A  (Fig.  2!)  bo 
the    end-v; 
or  section  of  the 

roller,  which  it  merely  a  circle,  and  let  B  be  a  Nde  elevadon ;  a  kdng  the  poution  of  the 
pencil  when  it  began  to  mark  the  tluead,  i  its  poeitian  after  one  complete  turn,  and  <  its 
pomtion  after  two  turns;  it  is  our  object  to  find  the  shape  of  the  line,  or  at  least  its  dowJng 
>r  projection  on  the  elevation  B,  connecting  the  points  a  and  b,  and  i  and  e,  respectively. 
Now  recollecting  diat  a  regular  screw  implies  that  while  the  roller  malcee  any  pait  of  a 
turn,  the  pencil  must  make  on  advance  through  the  some  part  of  ite  pitch,  we  wiU  divide 
the  circumfereece  of  A  into  four  equal  parts  by  the  points  li^  t,  f,  g,  and  also  the  tw 
pitches  a  i  and  6  c  into  four  equal  pacts,  marked  by  tlie  point'  h,  i:,l,  nt,it,p.  Then  w 
know  that  while  the  roller  hfS  tamed  one  quarter  round,  so  as  to  bring  the  part  of  its 
■urface  >  to  the  pencil,  the  pencil  itself  haa  moved  one  quarter  of  ita  pitch  altmg,  so  at 
~ie  point  A.  If  then  we  trace  a  line  of  projection  from  <  along  the  elevation, 
nod  a  line  squaro  to  it  from  A,  the  point  t,  where  these  lines  cross  mnat  bo  a  point  in 
le  projection  of  the  tbroad.  In  the  same  manner,  tracing  lines  from/ and  y  ajid&om 
and  I  crossing  them,  we  get  other  points,  /,  and  gi,  in  tho  thread ;  and  repcatiog  the 
process  far  the  next  thread,  we  get  the  points  c^  /■„  and  g^,  similarly  situated  in  it.  Bui 
though  we  might  between  the  pointB  rf,,  ei,/i,  &c.,  draw  any  sort  of  lines  straight  oi 
crooked,  we  should  not  bo  warranted  in  assuming  them  to  be  the  proper  representations 
of  the  screw.    TVe  can,  however,  again  subdivide  the  oitoumferenee  of  A  and  the  [dtch 
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II  Fig.  2Z,whicli 


I,  and  thus  get  a  number  of  other  points,  aa  indicated  in  put  oi 
t  be  in  the  projection  of  half  thetcrcw.    A  mured  line  traced  Utr 

will  tlicD  be  a  ooneot  ropreaenta- 
tioD  of  bslf  tlic  thread;  and  ai 
the  thread   is  perfectly  Tognlar, 

_)y tjig  jnnuj  form  of  cam  Till  be 

repented  at  tlie  eqnal  intcxralB  of 
pitch,  bom  ii  to  /,,  and  li,  to  /^ 
The  intermediate  parts   of   the 
*^B-^-  thread  from/,  to  ^,  and  from/, 

to  i/j,  being  traced  on  the  aide  of  t^ic  roller  where  g  u,  cannot  be  viaible  at  the  aomo 

a  the  other  portiona ;  but  if  thej  could  be  aeen,  ai        " 
roller,      they 
would  be  aym- 
metncal   with 

■riaiblo  y( 
parts,  but  in-     i 
verted,  aa  in 
licalcd  by  thi 
dotted  lines  ii 
■ig.  23. 

Next  let  OS  snppoao  that  two  pencils  were  held  i^ninst  the  roller  a  little  <Uatanc« 
apart,  ao  aa  t 
screw-threads  parallel  will 
each  other ;  the  side  elevation 
,  of  thii,  as  in  Fig.  24,  presents 
merely  a  repetitiOD  of  the  pro- 
per curved  lines  at  the  proper 
distance  apart — that  ia  to  aay, 
if  any  number  of  atrught 
linea  were  drawn  parallel  to 
the  axis  or  sides  of  tie  roller,  the  portioiu  of  those  straight  lines  interoepted  by  the 

:ves,  viz.  a  i,  Ui  A],  Oj  ij,  &c,,  also  e  d,  e^  if„  c,  d^,  &□.,  &c,,  would  b 
equal  to  one  another.  The  ordinary  practical  mode  of  making  sueh  a  drawing  would 
t  the  points  of  one  portLon  of  the  curre,  such  aa  a  c^,  by  the  method  indi- 
cated on  Fig.  22,  to  shape  a  piece  of  card-board  or  thin  wood  to  fit  it,  and  then  marking 
It  the  proper  distances  a  b,  a^  S„  Oj  ^,  j  <,  £,  e„  £j  tj,  e  rf,  e,  dj,  c,  dj,  &o.,  and  applying 
the  shaped  caxd  to  those  points  aucccssivoly,  trace  by  a  pen  or  pencil  as  many  repeti- 
tions of  the  cmrc  as  might  be  required.  By  a  similar  process,  inviting  the  card,  the 
elevation  of  the  curve  as  it  wrfuld  appear  through  the  n^er  w 
uatcd  by  the  dotted  Une  in  Fig.  23,  couhi  bo  repeated. 

Becurring  to  Fig.  24,  let  us  now  suppose  that  all  that  part  of  the  aurfaoo  of  the 
roller  oontaincd  between  the  double  threads  were  cut  down  to  a  certain  depth,  so  aa  to 
leave  a  ical  solid  screw-thread  prominent,  suoh  as  would  be  produced  by  winding  a 
aquare  wire  obliquely  round  a  cylinder.  Our  method  of  drawing  tlja  would  bo  aa  fld- 
lows  (Fig.  26)  : — The  transvoise  Hcctdon  ahowa  two  circlea,  one  the  boundary  of  the  ou^ 
side  of  the  prominent  thread,  and  the  other  the  roller  on  which  it  ia  wound,  or  the  bottom 
of  the  cutting  made  in  the  solid  roller.    Iiet  half  of  both  these  circlea  be  divided  ir 


Fig.  24. 
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any  number  of  eqoiil  ptttts,  and  let  the  length  ai,  vhichthetliresdtiBTeraeadiEringlialf 
a  turn,  be  dirtded  into  the  same  numhor  of  equal  parte ;  then,  by  dntiring  panlleb  from 


Kg.  Si. 

the  diviaion  ptonls  of  the  two  circles  until  they  meet  perpendicniara  from  tho  division 
points  of  a  f,  weget  tho  half  limbs  of  the  outaido  and  inaideGDrTes;  and  ahaping  a  cord 
to  each  of  those,  wo  can  tepeat  them  aocceBsirely,  A  little  considoration  will  show  what 
portions  of,  these  lines  would  be  visible  in  a  nde-view,  and  what  parts  would  b«  con- 
cealed. It  is  usual  to  ahow  by  full  Uncs  only  the  visible  portiODB,  the  invislMe  porta 
bebg  marked,  when  necessary,  by  dotted  lines. 

Other  carves  can  be  treated  in  the  same  way  as  screw-oorvea,  the  general  principle 

eing  the  same  to  all — namely,  finding  tiie  j«njection  of  a  number  of  pcnnts  tbnm^ 
wbidi  tlie  curve  must  pass,  and  tracing  through  those  pointi  a  craitdnuoua  curved  fiae 

la  nearly  as  the  eye  can  judge  or  the  hand  execute.  The  greater  the  number  of  points 
projected,  the  more  nearly  accurate  will  he  tho  dravring  of  the  cnrre.  But  a  little 
practice  in  drawing,  and  careful  observation,  soon  enable  a  dranghtaman  to  txaoe  projec- 
ts with  sufficient  accuracy  without  requiring  very  many  points  for  their 
determinatien.  The  drawing  of  a  screw-curve,  such  as  we  have  described,  is  as  difficult 
-as  any  of  the  piojectioiu  that  ordinarily  occur  in  mechanical  drawing.  Wehavo,  there- 
fbre,  dwelt  upon  it  at  some  length,  being  convinced  that  the  itodont  who  sees  hia  way 
clearly  through  this  example,  will  master  most  others  without  great  difficulty. 

Drnring  Vafblded  8  nifkcas. — Besides  the  method  of  drawing  objects  by  projcc- 

ion,  it  is  sometimes  useful  to  t 

repres^t  surfaces  developcdor 
unfolded.  This  may  be  clearly 
undenrtood  by  conceiving  that 

■erics  of  sqoares,  as  n  in  Fig.  . 
26,  is  wrapped  or  folded  round  ; 
the  n^ler  b.  Wo  shall  sup-  ' 
I  piece  of  flat  , 
paper,  or  fiibrio,  containing 
the  pattern,  will  fold  exactly 
round  the  roller  so  that  the  ^-  "■ 


edges  meet.  The  projection  of  this  pattern,  as  it  woubl  appear  in  a  udo  elevB- 
'  in  of  the  roller,  may  be  drawn  as  in  Fig.  27.  Obserring  that  the  pattern  is  divided 
Co  thieo  parts  in  height  and  five  in  width,  we  draw  an  deration  and  a  plan  ef  the 
roller,  aa  in  Fig,  27,  dividing  the  dovaticai  inte  three  equal  parta  in  height,  and  dividing 
tho  circumfarencD  (if  the  circular  plan  into  five  equal  parts  by  the  points  a,  b,  c,  d,  e. 
Tracing  up  linea  from  such  of  these  points  as  would  be  visible,  looking  on  one  mde  of 
the  roller,  viz.  0  and  i,  so  as  to  orosa  tho  hoiizontal  lines  on  the  elevation,  wa  get  at 
;e  the  elevatioin  of  the  pattern  as  it  would  appear  in  projection  when  folded  round  the 
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roller.    Thii  TOuld  reallf  be  %  pTi>ceM  of  envelopment,  for  we  Iiave  flnt  drawn  tiie 
pittem  on  a  &at  rarfiun  and  then  enveloped  the  roller  in  it.    The  pioceM  of  derdo)^ 

ment  is  just  the  converw ;    ^ 

fir  it  conaiitsin  developing 

or  unfolding  a  mrfiice  al-    I 

ready  on  the  body,  and  then 

Bpieading  it  out  flat.    Sup-    ' 

po«e,  for  ioBtancc,  that  we 

had  the  elevfttion  of  a  roller, 

Boch  M  Fig.  28,  and  we  de-    , 

rfred  to  develop  the  pat- 
tent  which  i«  represented 

in  projection  mi  its  sur&ce.    ■ 

We  drawanj  requimd  num- 
ber of  horizontal  lines,  aa 

a,  h,  c,  d,  I,  through  the 

naAed  pointi  of  the  pat- 
tern, andtnceperpendieular  lines  irom  the 

i  points  till  they  meet  the  oireumfetenco  of  the  circular  plan  in  the  point< 
f,g,h,k,l.  We  then  draw  a  straight  line  of  the  length  of  half  the  oiieaniference 
of  &e  circle, .  and  make  it  the  base  of  an  oblong  of  the  same  height  ai  the  roller. 
Dividing  the  base  by  the  points  /i  g^  hy,  into  parts  of  the  same  lengtlx  respectively 
~  e  parts  of  the  half  circumference  separated  by  /?  A  in  the  plan,  and  dividing 
the  height,  «,  a„  by  the  points  b\  Ci  I'l  into  parts  corresponding  with  the  divisioni 
of  the  rolkr  in  height;  and  through  all  these  pointa,  drawing  parallels  and  perpen- 
diculars to  the  base ;  we  get  the  positioas  of  t^  different  points /|  ^|  A,,  &c.,  in  the 

elevatian,  as  th^ 
abonld  be  in  the  d&< 
velopmoit,  and  out 
tcaM  throuj^  tiicM 


Rg.!8. 


Hg.W. 


I] 


.! 


Hg.M. 


I  of 

thepattom.  Should 

the  pattern  be  ccin> 

plez,   or  made  up 

of  curved  lines,  we 

should  have  to  trace  tho  development  of  a  greater  number  of 

points  in  order  to  get  a  correct  drawing  of  it  as  it  woold  appi 

when  unfolded. 

We  may  here  observe  that  a  conical  suiface  is  devdopahle  ae 
well  as  that  of  a  cylinder  or  roller ;  and  the  mechanical  draughts- 
man  has  seldom  occasion  to  deal  with  the  development  of  any 
Bur&ces  eicept  those. 

The  derelopmsat  of  a  conical  surface  is  effected  thus  (Fig- 
29).  Since  all  the  strai^t  lines  drawn  from  a  the  apex  of  the 
cone  to  the  cirenlar  base  are  exactly  equal,  we  have  only  to 
draw  a  circle  from  any  centre  o  with  a  radius  e  d  equal  to  a  J  the  length  of  any  one 
of  those  lines.  Then  measuring  round  the  circtUar  plan  of  the  base  from  any  point  e, 
~  "  e  meaaorement  from  a  point  rf  to/  on  the  circle  we  hove 
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described  from  the  centre  e,  and  drawing  the  strait  lines  e  d  and  e  f,  we  get  Ae 

development  of  Uie  conical  surface.    A  piece  pt  paper  cut  to  the  diape  of  the  circulBr 

Bcctor  e  df  would  eiactly  (bid  roimd  the  cone,  the  edge!  c  i  and  e  f  meeting.     To 

'develop  any  patleni,  we  should  proceed,  as  in  the  caas  of  the  cylindrical  aurfece,  to  find 

the  development  of  a  number  of  points.     We  shall  show  the  method  of  proceeding  with 

LB  point  murkod  ji  iix  the  elevation.     Throagh  tbe  point  g  diaw  a  parallel  to  the  base 

g  k,  and  a  line  a  g  from  tha  apex  meeting  the  base  in  /.    Project  I  down  to  f[  on  the 

plan,  and  measuring  round  the  circumference  from  f  to  ^i,  set  off  the  same  meaiurement 

from  «,  to  I[  on  the  development,  and  draw  the  line  e  l^,  which  will  be  the  development 

of  the  line  a  I.    Then  from  the  centre  e  with  a  radius  a  &,  draw  a  portion  of  the  turde 

cutting  c  I,  in^i,  and;,  will  be  the  development  of  the  point  ji,  for  it  is  in  the  developed 

c  li,  and  at  the  proper  distance  from  the  apex,    A  aimilnr  proceas  may  be  adopted 

with  respect  to  any  other  points,  and  thus  a  pattern  of  any  kind  might  be  developed. 

To  develop  the  fi-ostum  of  a  cone — that  ia,  a  cone  with  a  portion  of  it  towards  the 

pez  cut  off,  as  in  Fig.  30 — we  imagine  the  cone  completed,  aa  Indicated  by  the  dotted 


lines  in  (he  elevation,  and  have  only  to  develop  the  consist*  cone  and  cut  of  /  the 
wantjng  pait^  leaving  the  development  of  the  actual  surfoce  of  the  frustum. 

Intcnaetlous. — In  consequence  of  the  focility  with  which  materials  csd  be  shaped 
into  cones,  cylinders,  or  any  fbrms  which  have  circular  secUons,  and  for  other  reasons  con- 
nected with  strength  and  fitness,  these  forms  are  geneiallf  used  in  practical  mechanics. 
It  is  therefore  most  important  for  the  drau  ghtsman  to  be  expert  in  the  projecticaia  and 
developments  of  such  fonus,  Amoog  the  numerous  problems  in  drawing  these  forms, 
there  is  an  interesting,  and  often  useful  clasa  depending  on  the  various  intersections  of 
le  curved  surface  with  another.  We  shall  give  one  eiflmple  of  this  to  iUuslrate  the 
method  that  may  bo  very  generally  applied  in  most  of  them.  Let  us  suppose  that  a  pipe 
of  a  certain  diameter  branches  out  from  another  of  a  larger  diameter  at  a  certain  angle, 
as  indicated  on  the  longitudinal  section  iu  Fig.  31,  and  that  we  have  to  draw  two  eleva- 

iB  and  a  traosverse  section  of  this,  so  as  to  show  the  form  of  the  joint,  or  intersection 
of  the  branch  with  the  main-pipe. 

Id  the  first  place,  we  should  draw  the  centre  lines  or  axes  of  tbe  cylindrical  pipes, 
and  then  easily  mark  off  the  general  outlines  and  points  of  interseetioil  in  the  two 
elevations.  The  points  c,  f,  in  the  transverse  section,  would  be  determined  by 
settii^  off  from  /,  on  the  centie  line,  &b  in  side  radius  of  the  small  pipe,  ss  deter- 
mined by  the  line  /j  in  the  longitudinal  section.  These  points  would  determine  Cj 
~  1  the  longitudinal  section,  by  making  a,  Cj  equal  to  a  r;  In  the  transverse  section. 
In  a  similar  manner  ij  could  be  found.  There  still  remaina  for  us  to  detemiine  the 
particular  curves  of  the  intersection  lying  between  the  points  so  fixed ;  and  this  ve 


XT^T^ 


iKTEBSEcnna  curytb. 


must  do  by  finding  a  DambeT  of  other  points  in  tlie  different  projeotionB,  irtiieh 
(hall  be  tbe  proper  topreHutatiou  of  points  in  the  cinnimferenoeB  of  the  larger 
and  smaller  pipoa  vhere  thej  intersect  each  other.  Let  ui,  for  imtanoe,  endeavour 
e   point   in    the   curre   of   intenectien  ropreseoted  on  the  firotit 


elevation;  and  at  tliia  must  bo  a  point  on  the  ontude  of  hoth  pipee,  ve  shall 
draw  their  ontiide  lurcomfereQeei  from  the  centres  B  and  C,  connected  by  a  line. 
Taking  any  point  d  in  the  eircumference  of  C,  and  tracing  it  on  to  </j  on  tlie  cinmm- 
ferenoe  of  B,  and  dntwing  the  perpendiculan  d  e  and  i^i  <[,  we  dnv  on  the  aide  eleva- 
tion E  H  pandlel  to  the  axis  of  the  small  pipe  at  the  distance  C  «  &am  that  axis,  and 
KK  parallel  to  the  axis  of  tbe  hu^  pipe,  at  the  distooco  B  «,.  The  point  d^  where 
these  lines  H  H  and  K  E  intersect,  is  the  projection  of  a  point  in  the  interaection  of  the 
circles  on  the  side  elevation.  Tracing  this  across  b;  a  horizontal  line  to  the  iront  eleva- 
tion, cutting  its  centre  line  at  Bj  and  setting  off  e^  d,  equal  to  e  i^,  we  get  d^  as  the  pro- 
jeotion  of  the  sameptant  on  the  front  elevation.  And  thus,  by  projecting  a  number  of 
points,  wa  should  be  enabled  to  trace  through  them  a  correct  im>jecUon  of  the  curves  of 
intersection  in  their  difi^ent  aspects. 

Hitherto  we  have  only  treafedofthe  mode  of  drawing  outlines;  ve  may  now  proceed 
to  discuss  the  various  modes  of  rendering  nechanical  drawings  distinct  and  more  easily 
intelligible.  These  may  be  aud  to  consist  chiefly  in  hatching  oi  section-lininj;,  cobur- 
ing,  shading,  and  shadowing. 

HatohlmB. — Hatobing  is  merely  drawing  pandld  lines  across  the  parts  of  any  section 
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ce  (upposed  to  b«  cut  thnnigh  tlie  lolid  miterul.    Fig.  32  ii  the  m 
of  tiks   scotion  of  a  luJlow  heiagon&l 
;   the   linCB  couvey  oo  paiticnlu' 
ig,  end  they  would  apply  u  well  to 
I   the  end  elcrotion  of  a  priam  vitli  ano^er 
projeotiiig  from  it ;    hut  if  the  section 
through  the  w^id  matter  be  hatched,  as  in 
[    Fig.  33,  as  if  to  indicate  t] 
oi  the  fibres  of  the  cut  material,  it 
derstood  that  the  drawing  rapreients  a 
Fig  Si 

St  tar  diningmehing  the  different  piecei  of  which 
the  body  drawn  in  icction  consists.  This  is  off'ected 
b;  hatching  one  ofthepiecet  by  oUiique  line*  lying 
m  one  directiMi,  and  en  adjac^it  piece  by  lines 
lying  la  another  direction.    Thus,  Fig.  31  may  n 


Hatching  IB  alio  nnful 


fitt«d  to  it,  and  one  of  the  bolti  and  nuti  nied  for 
holdmg  the  cover  in  ita  place.  The  batching  Unee 
of  the  Tcnel  and  iti  oarer  aie  obliiiuo  ii 
dmctianB,  and  thoae  of  the  bolt  and  iti 
vertical  &nd  hraiionlal  respot^vely,  eo  that  all  the 
FIb  W  aeparafo  pieces  arc  diitingniahed. 

Hatching  m  ooloun,  or  coloured  lines,  is  sometimes  useiiil  to  indicate  the  material 
as  well  as  tho  separata  pieces.  Thus,  hatching  parta  of  a  section  by  block  or  blue  lines 
may  indicate  cast  or  wFDught-iron ;  by  yellow  or  red,  bran  a 
metal.  Sections  of  wood  arc  generally  hatched  us  in  Fig.  S6,  by 
cmrod  lines,  imitating  somewhat  the  appearance  of  the  rings  locn  in 
timbo-  when  cut  across.    Two  separata  pieces  of  timber  seei 

Btetion,  side  by  side,  may  be 
hatched  by  theec  lines  lying  in         1^8-  ^■ 
opposite  directions   (Fig.  36) ;  while  timber  ii 
longitadinBl  aection  may  bo  hatched  by  crooked 
Fifr-  s*-  ■        disconlimioua  lines,  lying  generally  lengthways. 

In  wmrkiag-drawinga — that  is  to  aay,  projections  showing  the  parts  in  their  proper 
dimonsiona,  so  that  a  workman  can  measure  and  tmnafer  them  to  tie  solid  material — 
in  Buoh  drawings,  colours  are  usefully  employed  to  distinguish  the  different  materiab. 
Thus,  parts  tinted  dark  blue  might  represent  cast-iron ;  while  a  pale  blue  might  indicate 
wroi^ht-iron  or  steel ;  yellow  would  mark  brass  or  gun-melal ;  browmsh-yellow,  wood ; 
brownish-red,  copper;  and  so  on.  When  any  special  material  is 
ia  generally  written  on  suuh  part  of  the  drairing  as  ropresDnts  it. 

Centxal  IilneB.. — In  almoat  all  mechanical  works,  or  at  least  in  their  details,  thoro 
is  necessarily  symmetry,  or  repetition  of  equal  partJl  on  diffferent  aides  of  some  central 
points.  For  instanoc,  a  cylinder,  cone,  column,  and  such  like  bodies,  are  symmetrical 
round  their  axes.  The  teeth  of  a  wheel  are  symmetrical  round  its  centre,  and  so  with 
almost  oil  the  fbnua  luitod  to  machinery. 

It  U,  thereforo,  most  important  in  mechanical  drawings  to  moik  the  central  oi 
a.Tinl  lines  of  the  different  parts.    As  these  lines  do  not  nccossarily  appear  on  the  ma- 
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terisl,  tliey  are  generally  dUttn^uuhed  from  thoM  Qiat  mtA  ontlinei  of  BCtnal  form  by 
the  use  of  a  difTeient-coloured  ink ;  for  iaatancs,  if  the  linea  of  tlie  dnTing  generally 
be  in  blikuk,  aa  they  ugnally  are,  the  oenti^  linea  may  be  mled  in  red  or  bloe.  They 
ihould  always  be  fine  but  diitLnct  lines,  because  they  aerve  aa  a  starting-point  for 
numerDns  dimensunu.  Aa  an  illustration,  ire  may  n^er  to  Fig.  34,  whidi  ire  n 
suppose  to  be  the  sectioD  of  a  round  or  cylindrical  box,  the  centre  or  axil  of  which  is 
marked  by  the  dotted  line  a.  One  of  the  bolts  for  fixing  the  cover  ia  also  shown ;  and 
asthia  bolt  is  also  cylindrical.  It  has  an  axis  or  central  line  i,  and  the  position  of  tl 
bolt  is  sufficiently  indicated  on  the  section  by  figuring  the  distance  of  its  axis  from  that 
of  the  cylinder,  as  it  is  marked,  10,  on  the  figure.  We  have  indicated  the  central 
lines  a  and  b  by  dotted  lines,  to  diatinguiBh  them  &om  the  outiinea  and  hatchinga ;  o 
drawing  they  would  probably  be  marked  in  blue  or  red,  not  dotted,  bat  plain,  fine,  i 
distinct. 

SIutdowB  uid  Shadaa. — In  order  to  render  mechanical  drawings  more  intelligible 
tiian  they  otherwise  would  be,  recourse  is  had  to  shadowing  and  shading.  The  projectiona 
which  constitute  mechanicai  drawings  are  not  rcpresent&tiona  of  the  actual  appearances 
of  the  objects  to  tlie  eye ;  they  are  merely  the  Izacea  of  their  outlines  fonned  by  parallel 
lines  drawn  from  all  parts  of  Ihem  to  certain  inuginary  planes  or  flat  surfiues,  which 
are  supposed  to  be  transferred  to  the  paper.  In  like  manner,  in  the  ahadowing  and 
shading  of  mechanical  drawings,  we  must  not  attempt  to  give  the  natural  appearance  of 
the  lights  and  ahsdea  visible  on  the  objeeta.  We  must  concert  some  system  of  illiuni- 
nating  their  surfaces  in  accordance  wiUi  our  system  of  projecting  their  outlines.  The 
object  of  such  tight  and  shade  is  to  make  up  for  the  deficiency  of  oue  of  the  dimen- 
■iom  of  solid  objects,  depth,  thickness,  or  distance,  wheu  wo  represent  thom  on  paper  or 
any  flat  surface. 

These  outlineo,  however  accurate,  can  never  show  mora  than  two  dimensions — 
length  and  breadth ;  and  can  convey  no  idea  of  parts  projecting  or  receding  from  any 
surface  represented.  Nor  can  light  and  shade  applied  to  these  outlines  give  the  other 
dimensions,  so  that  they  can  be  measured ;  hut  they  can  be  applied  with  very  good 
eflbct  to  indicate  which  parts  are  supposod  to  project  or  recede  from  the  general  sur&ce, 
and  the  comparative  amount  of  such  aaperflcial  variations.  If  we  had,  for  instance, 
the  outline  elevation  of  a  square  blodc  of  some  material  (F^.  37),  wo  cannot  judge 


vAeflier  the  outline  is  intended  to  represent  a  prominence  or  a  hollow  in  die  general 
Burfkce  of  the  block  -,  but  by  a  little  ahadowing  we  can  give  the  effect  of  either,  as  ii 
Fig.  3B.  In  1  we  see  that  the  inner  part  must  project  beyond  the  outer,  in  order  ti 
cast  a  shadow  upon  it ;  while  in  4  the  outer  part  of  the  surfece  must  project  beyond  the 
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Agtun,  dutding  msy  be  Tery  Nrriceabb  in  giTiiig  a  joit  idea  of  the  fcam  of  aa 
object  Bwn  in  eluraticn.    Thoa  a  (Fig.  3S)  ii  tile  ban  oulliiw  eleration  of  a  roller 


Kg.  3 


I 


Fig.  4 


Fig.  40, 

Btanding  on  one  end;  bat  it  gives  no  notion  of  the  roundness  of  tho  object,     i  is  the 
elevation  shaded,  and  at  once  co&veTing  the  idea  of  roandnese. 

When  the  lights,  shades,  and  shadowa  are  all  iutrodnced  in  theii  proper  places,  as  in 
Fig.  10,  the  notion  of  solid  form  is  rendered  verj  distinct,  and  a  very  clear  conception 
of  tho  object  represented  is  conveyed  to  the  miad. 

The  mode  in  Thich  shadows  are  dravn  is  very  similar  to  the  syatem  of  project- 

,     ■,    \   "-^    •>  ing  the  ontlines  them- 

'^^   ~\    '\  "'.,  '\    '-,,   ■',  selves.      If  ire   sup- 

■\^    ~>,   ~"\    V-^,     ■-,,  '"^h,  pose  a  body,  such  as 


a  die,  < 
table,  and 

parallel  rays  of  light, 
indicated  by  the  dotted 
lines,  to  strike  on  it 
at  an  angle,  some  of 
them  woilld  be  inter- 
cepted bf  the  die,  and 
thna  dU  tho  surface  of  the  table  and  tho  die  would  bo  illuminated,  irith  the  exception 
of  the  portions  from  vhich  tho  light  is  kept  off  by  the  soHd  body.  The  dark  sul&ce 
thus  left  on  the  table,  is  a  shadow  of  the  ^e ;  and  the  nniUuminatGd  side  of  the  die  is  a 
■hade  on  tlie  die.  It  appears,  then,  that  tho  shadow  is  merely  a  projectiim  of  the  fignrc 
made  on  a  plane  by  tracing  oblique  parallel  lines  from  all  the  points  in  the  outline  of 
the  body  to  that  plane. 

But  as  this  projoction  may,  like  tho  projection  of  tho  object  itself,  be  effected  on 
more  than  one  plane,  and  as  wc  ara  at  liberty  to  suppose  the  object  placed  in  light 
coming  in  any  convenieDt  dii«ctioD,  we  may  select  such  an  obliquity  of  the  rays  as 
may  at  the  same  time  furnish  us  with  the  most  distinct  shadows,  and  wiUi  those  most 
easily  drawn.  In  selecting,  then,  the  anglo  at  which  the  rayi  of  light  shall  strike,  wo 
can  assume  any  that  is  not  coincident  with  the  planes  of  pTOjeotioii  on  which  oar 
drawing  is  made.  But  as  these  planes  are  at  right  angles,  or  square  to  one  another,  it 
seems  natncsl  to  select  half  a  right  angle,  46°,  or  what  is  gtmerally  tetmed  by  woikmen 
a  mitie-angle,  ss  the  direction  of  the  rays.  Again,  as  a  line  drawn  at  such  an  angle 
may  extend  either  from  below  iqiwarda,  or  from  the  right  towards  the  left,  n  from  a 
distant  point  towards  us,  we  must  select  the  most  suitable  of  thesa  counes  for  giving  ns 
distinct  shadows.  As  we  are  generally  aoonstomed  to  tee  objects  iUuminaied  by  light 
coming  from  above,  it  is  natural  that  wo  should  determine  on  enqiloying  rayi  ooming 
from  above  downwards.    Further,  as  our  drawings  aro  intended  to  represent  the  TiMlde 
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■nr&cei  of  objects,  ve  mult  tuppoM  thoaa  aide*  that  tio  exposed  to  lu,  illuminated ;  and 
therefbra  idect  rayi  coming  from  beliiiul  us,  uid  itrikwg  on  tiai  piut  the  objects.  Aa 
to  vhether  thcw  rays  ehall  come  in  a  diiection  from  left  tovards  right,  oi  from  right 
toward*  left,  is  a  matter  of  indiffenmce.  The  only  circumstance  which  con  affect  our 
choice  in  this  last  respect  is,  that  draughtsmen  generall]'  nt  with  their  left  aide  tovarda 
the  light,  End  therefore  ore  more  lilwly  to  select  rajs  coming  in  the  direction  to  which 
thef  are  accustomed :  that  is,  from  left  towards  ri^t. 
Now,  in.  order  to  ace  cloarlj'  the  effect  of  rays  supposed 
to  come  in  the  chosen  direction,  in  illuminating  cerbun 
sur&cea,  and  in  producing  shades  and  ehadows,  we  shall 
-  Ruppoae  a  piece  of  paper,  cut  to  the  form  of  Fig.  42,  con- 
'  sisling  of  tliree  equal  square^ 
and  that  portion*  of  the  diago- 
nals of  these  tqnarea  were 
draim,  lying  at  mitrc-anglee,  or 
angles  of  46°,  with  the  ddes  of 
the  tquareB.  Now,  lot  us  sup- 
pose that  the  paper  ia   folded  ^  „ 

■qiiana  p«fpendicular  to  the  third,  and  to  each  other,  as  in  Fig.  43,  forming  thi«e 
rades  of  a  aqnare  box,  with  the  diagonal  lines  drawn  upon  them.  If  the  lines  of 
prqjeetioB  upwatds,  towards  the  right  and  towards  the  front  from  the  eitrenuties  of 
these  three  diagonal  lines  respectively,  be  drawn  till  they  meet,  as  indicated  by  the 
dotted  lines,  we  get  a  line  d  e  lying  obliqoely  to  each  of  the  three  aides,  of  which  line 
the  diagonal  line*  «i<e  correct  projections.  Now,  thi*  lino  At  would  represent  a  portioa 
of  one  ofihe  rays  of  li^t  which,  as  wcsuppeee,  illuminate  the  objects,  and  all  the  other 
ra^  wonld  be  parallel  to  it.  The  shade*  and  shadows,  therefore,  of  plans,  elerationa, 
/  and  section*,  projected  on  the 
/p  three  ^anee,  vill  all  he  deteN 
■'  mined  by  line*  lying  at  angles 
of  46'  to  the  boundaries  of  those 
phmes.  As  an  eiampb  of  the 
mode  of  cotreotly  delineating 
shadowa  soeordiug  to  this  law, 
we  may  explain  the  mode  of 
^n     m  de6ning  tiia  ihadows  in  Fig.  44. 

■■~~|     -"  1.  The  Uae  a  i  drawn  at  4? 

^^■M  from  the  edge  of  the  tection, 

^^Hij(  '        give*   the   breadtb  th   of  the 

bottom,  over  which  the  shadow 
of  the  aide  extend* ;  we  thero- 
fbre  set  off  m»  and^o  in  the 
Plan  I,  each  equal  to  ei;  and 
drawing  lines  &mn  «  and  a  parallel  to  the  edges,  we  have  the  outline  of  that  shadow. 

2.  Drawing  i  t  and  fg  at  4fi'  from  two  lower  edges  of  the  section,  we  get  the  extant 
of  the  shadows  observable  in  Flan  2,  tlio  inner  shadow  <  w  v  of  the  projecting  part  of  the 
bottom  being  limited,  because  the  line  de  &tls  within  the  edgo  of  Uio  bottom  in  section, 
while  the  shadow  qty  extends  as  tiir  as  the  edge*  of  llie  Plan  2,  and  would  extoid 


1,  looUiig  from  i 


Plin  !,  Icwktnf  from  below. 
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faitiiec  if  there  were  any  imftce  tocateh  &g  ihadinF,  beoaiue  the  liue/^  in 
extends  beyond  the  edg»  of  the  body. 

3.  Again,  in  the  eleratioD,  At  gives  die  point  i  t<  tlie  limit  of  tho  duidoT  of  die 
apper  projection,  while  it,  extending  beyond  the  projecting  part  of  die  bottom,  ghors 
that  nil  its  sur&ce  must  be  witLin  the  shadow. 

For  drawiagi  of  bodies,  vhoae  boundaries  am  plane  sur&ces,  snd  whose  edgea  ai 
straight  lines,  the  shadowing  is  very  simple ;  and  the  proper  incliziatioaa  and  boundaries 
of  the  shadows  almost  suggest  themselves,  without  the  necessity  for  their  actual  projec- 
tion. But  when  the  bodies  are  bounded  by  curved  rDr&ces,  such  as  cylinders,  cones, 
spheres,  and  the  like,  die  projection  of  the  ihadowa  ia  aomewhat  more  difficult.  A.  little 
consideration,  however,  will  in  most  of  diese  caau  enable  the  draogbtsman  to  give  a 
aufficiendy  fkitlful  represantotian  of  the  desiied  efibet.  It  must  not  be  supposed  that 
the  shadowing  of  mechanical  diawingi  ia  intended  to  give  tiiem  any  inerit  in  an  artistic 
point  of  view ;  for,  as  diey  are  not  real  perspective  lepreaentatiohs  of  objects,  bnt  only 
imaginaiy  projeotiona,  ao  the  diadows  tinted  o 


actually  eeen  on  the  objects  themselves,  bat  geo- 
metrical projections  of  shadow*  that  would  occu 
on  certain  sappositians  as  to  the  direction  of  illu- 
minating rays.  Theonlyputpoieof  thediadowing 
is  te  give  a'  dearer  conception  of  the  aoUd  form 
iatended  to  be  diown ;  and  du  disnghtaman  should 
SieTefine  take  care  to  make  these  shadows  geo- 
metrioaUy  ooeunite.  After  having  sfrived  a  few 
problma  by  aotoal  projection,  he  wilt  find  it  easy 
to  give  toIetsUy  Mthiul  views  of  shadows  by  the 
eye.  Ve  will  work  out  two  proUems  in  dreolar 
shadowing  sa  ettaples  of  projection ;  and  we  have 
selected  two  kinds  of  shadows  most  commonly 
oocBrring  in  raechanioal  dmwing  for  this  purpose. 

Tiat,  in  Fig,  46,  we  have  an  elevation,  and  a 
plan  looking  from  hdow,  of  a  cylindrical  body, 
with  a  flange  or  projecting  lim  round  ita  upper 
end.     The  plan   and  elevatkm  have  a  oomnHHi  Flic.  43. 

centre  line  oorreaponding  with  the  axis.  It  la  evident  that  the  shadow  of  the  lower 
edge  of  the  flange  is  &e  boundary  of  the  shadow  of  the  ftai^  on  the  elevation.  It, 
dien,  wo  take  any  pmnt,  such  as  a  on  the  phm,  tracing  it  up  to  Oj  on  the  elevation,  and 
drawing  ai  at  45°,  tradng  np  from  »  a  line  In  elevation  till  it  meets  a  line  drawn 
at  46°  fcnn  a„  we  get  *i  is  tha  elevation  as  (be  shadow  of  a,.  Taking  a  number 
of  points,  such  aa  s,  and  finding  their  ahadowa  in  a  similar  nmnner,  we  should  be 
ahlo  to  trace  through  them  a  curved  line /,  Si  rf,  aa  the  boundary  of  the  shadow  of  the 
flange.  The  extreme  point  /i  ia  found  at  onco  by  taking/  on  the  plan,  drawing/*, 
ttmeiag  <  up  to  *,  on  die  elevation,  and  drawing  «,/,.  The  line  e  rf  on  the  plan  is  suppo«d 
to  touch  the  inner  circle  inrf;  therefcre,  rfy  the  remahider  of  the  viaiWo  part  of  that 
drcle  murt  be  aU  in  ahadow,  as  the  body  itself  intereepU  the  rays.  The  line  traced  up 
from  rf  to  the  elevation,  and  meeting  the  preper  ahadow  line  »,  d^  in  rfi,  is  therefore  the 
btnmdaiT  of  the  illumfaiated  part  of  the  elsvatim)  and  If  the  ahadow  part  be  filled  in 
with  a  black  tint,  we  have  the  appearance  preaented  in  P^.  48  of  the  oblirita  prqjeotioB 
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a  shadow  of  the  flange  on  tiie  cjlinder.  It  a  maiiifeit  tliat  this  ihadow  does  not  convey 
1  proper  notion  of  the  cylindrical  sorbcea  intended  to  be  shown.    The  diftving  requires 

shading   to  give  the 

fiill  eff^;  and  after 

another    example  of 

umple  shadowing,  wa 

wiU     endeavour     to 

show  how  the  shading 

may  be  efibcted. 

Eeferring  now  to 

F^.  47,  showingaplsn 

and  section  of  a  cylin- 
der open  at  top,  we 
have  to  ioqiiire  as  to  the  form  of  shadow  in  the  section 
cast  on  the  inside  by  the  eylindrical  side.  Taking  any 
points  bfd  on  the  inner  circle  in  plan,  and  drawing  ' 
lines  from  them  at  45°  till  they  meet  the  iqipoute  limb 
of  the  circle  in  the  points  fge;  tracmg  np  these  points 
by  lines  to  the  elevation,  and  also  the  paints  ifd  to 
ij/j(ij,  and  from  the  latter  drawinglinea  at  4S°  to  meet 
the  others,  wo  get  the  points  f ,  g,  e,  in  the  boundary  of  ^' 

the  shadow.  The  point  a,  where  a  line  at  45°  touches  the  circle,  being  traced  up  to  oi  in 
the  section,  gives  the  oommencement  of  the  shadow ;  and  the  outline  being  filled  in  by  a 
dark  tint,  presents  the  appearance  of  an  interior  cylindrical  diadow.  Like  the  exterior 
shadow  shown  in  Fig.  46,  shading  is  required  in  order  to  give  the  notion  of  &  curved 
surlace. 

We  shall,  therefore,  now  proceed  to  discuss  t^  qoestion  of  hunting  -,  which  con- 
sists in  placing  on  a  drawing,  tints  of  various  degrees  of  lightness  or  daikoess,  so  as 
to  represent  the  comparativa  amounts  of  reflected  light  from  the  different  portions  of  the 
surface  represented.  We  are  not  aware  that  the  queetion  of  shading  mechanical- 
drawings  has  ever  been  discussed  on  geometrical  grounds,  like  that  of  shadowing ;  it  is, 
therefore,  with  considerable  diffidence  that  we  venture  to  offer  some  conudentLans 
which  may  furnish  a  clue  to  the  proper  variations  of  light  and  Hhado  on  projections.  A 
flkiUlil  draughtsman  has  lit^e  difficulty  in  bringing  np  &  very  correct,  and  even  an  artdatic 
eSectof  light  and  shade  on  mechanical  drawings;  butwobelievethat  it  istoa.practised 
eye  and  an  expert  hand  that  he  owes  his  success.  In  shadowing,  ho  trusts  to  the  some 
elements  of  success;  but  as  the  outline  of  every  shadow  con  be  detemiined  with  mathe- 
matical accuracy,  on  the  supposition  of  parallel  rays  of  light  proceeding  at  certain  an^es 
to  the  planes  of  projection,  on  the  same  snppodtion  we  think  the  Tatiatians  of  light  and 
shade  can  also  be  determined.  It  must  be  ooniessed  that,  even  if  the  lights  and  shades 
of  a  projection  were  determined  in  quantity,  so  that  wo  could  aay  such  a  part  of  a 
surface  must  have  twice  or  thrice  Iho  darkness  or  the  light  of  such  another  part,  we 
should  s^  labour  under  the  difficult  of  carrying  out  these  dimenuoni  of  light  and 
shade.  We  might,  however,  approach  them  by  applying  repeated  dark  tints  to  the 
shaded  parts ;  making  the  number  of  equal  tints  laid  on  above  one  another,  correspond 
with  the  degree  of  darkness  determined  on.  Bat  even  without  attempting  any  mathe- 
matically accurate  mode  of  oarying  out  the  tiieory  in  practice,  we  may  at  lead  derive 
useful  hints  from  its  investigation. 
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If  yre  BuppDM  Uie  oirde  in  Fig.  48  to  be  the  plan  of  a  erUtubr,  of  wUch  we  wish  to 

TflppiHwnt  «  .hiufait  fllnmitJnTii  nnfl  half  A  D  B  Toold  not  be  ahoTn ;  the  other  lulf  hati  its 

oiromuference  divided  into  eight  equal  parti.    We  .^—^^ 

trill  suppose  parallel  njt  of  hght  R,  Bi,  Hj,  B,, 

E4,  Il«  Ho  to  oome  at  the  proper  an^e  (45°),  and 

be  reflected  front  the  nirface  of  the  cjUnder  in. 

the  diiectiona  r,  r„  r^,  »■„  >-j,  r^  r„  teapectiTBly.  ^ 

Theee  directdona  of  the  icflected  rays  are  of  ootine^ 

(tetennined  by  drawing  them  to  as  to  loaha  the"^ 

■ame  aaglea  with  the  radii  C  A,  CI,  C2,  &a,  aa  the  ^ 

incident  raya  make  with  those  radii,  hot  on  oppoaita  / 

•idea  of  them,  according  to  the  well-known  optical  "' 

principle  that  rays  of  light  nre  reSooted  from  s  aor- 

face  at  the  same  angle  aa  that  with  which  they  strike  / 

it.    Now,  of  all  those  rtyn,  fliat  striking  (he  point  3  A 

is  reflected  moat  dircotly  to  an  eye  situated  in  the  line 
C  E  at  a  great  distance  from  C,  3  rj  being  parallolto 
C  E,  and  therefore  the  eleration  of  the  point  3  should 

be  the  brightest.  Again,  the  points  2  and  4  would  ap- 
pear equally  illuminated,  becauae  the  reflected  mya 
2  Tj  Biid4r,lieateqaalobliquitiesto  C  E;  but  each  t'ig.  4S. 

of  those  ptdnts  would  appear  less  illuminated  than  the  point  3,  because  of  thie  obliquity. 
Farther,  the  pointa  1  and  S,  whence  the  raya  are  reflected  parallel  to  A  B,  mark  the 
places  where  the  illuminatioD  of  the  surface  ceases  ;  and  were  it  perfectly  smooth  and 
polished,  all  beytmd  1  towards  A,  and  beyond  6  towards  6,  would  be  perfectly  dark. 
The  portion  6  to  B,  reodTing  no  li^t  at  all,  would  bo  represented  in  shadow.  In  the 
elevation  then,  if  the  points  in  the  circumference  of  the  phm  be  projected,  and  the  sur- 


&CQ  dariraned  by  lines  01 


iicncy  of  reflected  illumins- 
get  a  geometrically  shaded 


in  accerdanoe  wiUi  the  dc 
tion  at  ita  different  parts, 
representation  of  a  cylinder. 

For  the  interior  surface  of  a  cylinder  shown  in  section, 
the  light  and  shade  of  the  difFcrent  parts  may  be  found  ia 
a  similar  way,  as  mariicd  in  Fig.  49,  where  the  point  5 
giving  the  direct  reflection  will  be  the  brightest,  tho  points 
i  and  H  having  equal  intensity  of  light,  but  each  leas  than 
5,  because  of  the  obliquity  of  the  I'eflected  rays ;  the  port 
A  I  2  3  4  quite  dark,  becaoso  tho  light  is  intercepted  by 
the  edge  A ;  the  point  7,  whence  the  lay  is  reflected  parallel 
to  A  B,  the  last  part  of  tho  illuminated  surface  ;  end  7  B 
dark,  because  the  rays  are  reflected  backwards.  The  section 
shows  the  shading  in  accordance  with  this  variation  of 
reflected  lights,  the  lowet'  part  of  the  interior  being  com- 
pletely shadowed  in  the  fOrm  msikcd  in  Fig.  47. 

The  shading  of  other  curved  surfaces  might  be  detor- 
mined  in  a  siaiilar  way ;  but  as  cylindrical  surfaces  are  those 
which  most  commonly  occnr  in  drawings  of  machinery, 
have  pointed  out  the  prinoiplcs  upon  which  the  shaiCng  ef 


■0  consider  it  sufficient 
them  may  be  determined.    A  tittle  practice  will  soon  enable  a  draughtsmai 
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niimdiiig  efibct  to  drawiaga  of  such  Bur&cee ;  and  a  little  care  giren  to  Oat  will  often 
nmdcc  plain  and  explicit  ft  drKVing  which  would  otherwUe  be  oomparatiTely  obacuie. 
The  lights,  ihadw,  nud  ahadowa  to  completo  diawings  iieod  oot  be  determined  by 
tosBetiical  projectiona,  which  would  often  involTO  great  l^wur  witlioiit  adequate 
lesulta.  A  draughtanum  acciutomcd  to  make  drawing*  of  machinery,  forma  in  hii  own 
mind  a  very  accurate  conceptioD  of  the  solidity,  projectiona,  and  hollowa  ol  the  Taiioua 
parta,  and  thiowa  in  the  ahadca  and  ihadova  by  eye  in  aach  a  mamier  m  to  give  a  toler- 
^1e  notion  of  theae  variationi  of  anrface.  It  ia  well,  however,  that  the  beginner 
should  know  the  prinoiplea  on  which  ahading  abould  depend,  utd  he  will  then  be  better 
prepared  for  that  aucceaa  in  their  application  which  practice  of  eye  and  bond  can 
only  give. 

Before  conolnding  this  part  of  our  subject,  we  msy  iay  •  f^  words  reqieotin^  the 
initnimenta  required  by  the  mechanical  diaughlamai).  The  boftrd,  on  which  the  paper 
ia  fixed,  should  be  of  wcU-aeaaoned  wood,  accurately  right-angled,  in,  ea  it  ia  oonunonly 
called,  iquan  at  &e  angles.  As  wood  ia  often  ^  to  warp  and  ihrink  according  to 
femperatuni  and  moisture,  it  is  often  necesMiy  to  have  die  edgee  of  the 
board  adjusted  by  the  carpenter'a 
plana,  capeciallyifthewoodbenew. 
Where  great  aoouracy  of  drawing  ia 
required,  this  ia  a  matter  which 
should  alwaya  be  oaiefiilly  looked  to. 
The  drawing-squBie,  or  "J" 
aquare,  connate  of  a  atock,  with  a 
projecting  lip  which  can  slide  along 
the  edge  of  the  drawing-board,  and 
a  bUde  having  the  edges  aoeunitely 
slnught  and  pandld.  The  edgea  of 
the  blade  should  be  at  light  an^es 
to  the  &ce  of  the  stock;  but  this  is 
not  of  very  great  importance,  fbt 
eren  if  the  blade  made  any  other  than  a  right  angle  with  the  atot^  provided  the  angle 
C  (Fig.  50)  of  the  drawing-board  be  a  right  aoj^  the  lines  drawn  by  the  square 
applied  to  both  edges  of  the  board  will  be  at  light  anglea  to  one  another.  Indeed,  fiie 
blade  and  stock  are  often  made  so  that  the  angle  can  be  varied  at  pleasnre,  a  screw 
being  fitted  in  the  slock  in  such  a  manner  as  to  bold  the  blade  fast  at  the  angle 
required.  This  form  of  instrument  is  called  the  bevil  "Y  square,  and  is  useful  when 
there  are  to  be  drawn  numerous 
lines  panillel  and  at  right  angles  to 
«ne  aaother,  but  oblique  to  the 
edges  of  the  board. 

Set-squares  are  triangular  pieces 
of  wood  having  their  sides  accu- 
rately strai^t,  and  making  parti- 
cular trngles  with  each  olhm. 
'  The  most  useful  setrsquarea  are 
the  three  shown  in  Fig.  51. 
Ho,  1 


angle  a  right  angle,  or- 90° ;  and  t] 


Fig.  SI. 
other  two  each  45°,  or  half  a  right  an^. 
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No.  8  baa  ono  angle  90° ;  acotlier  30°,  or  one-tMrd  of  a  ligbt  lugle ;  and  the  (bird 
0°,  OF  two-thitda  of  a  ri^t  ai^e. 

No.  3  hai  nn  tingle  90°;  another  22}°,  or  one-fourth  of  a  right  angle;  and  tlie  third 
7i°,  or  three-fourths  of  a  right  ai^Ie. 
As  an  Giamplc  of  Qm  use  of  these  SGt-sqnaics,  vc  will  suppose  that  we  Itave  to 
describe  a  heiogon  round  a  given  circlo  (Pig. 
62).    The  eircle  being  described  round  tte 
IB  G,  the  blade  B  of  the  ~p  square  being 
laou^t  into  any  convenient  position,  (he  sot     ■ 
square  Na.  2  is  applied  to  its  edge  in  the 
different  positiima  mailed   by  the   dotted 
Uues,  and  the  sides  /«,  <  d,  and  d  c  of  the 
hexagon  drawn,  touching  the  ciiclc ;    the 
other  sides,  e6,  lia,  a/,  being  similarly  drawn 

by  ghifting  the  set-square  into  suitable  pan-      1  B  I 

tions,  which  are  not  marked  in  tlie  figure,  to  f^^  52. 

avoid  confusion. 

Scales  are  blades  of  ivory,  boxwood,  metal,  or  card-board,  having  atraight  edges 
ivided  into  equal  parts,  which  are  generally  ffactiona  of  a  foot  or  inch.  In  making 
drawings  of  machinery  it  is  generally  necessary  to  represent  the  parts,  not  of  the  real 
B  to  which  they  are  made,  but  to  some  Icnown  scale,  so  that  all  the  proportions  of 
parts  are  acourately  maintained.  For  instanee,  had  we  to  make  drawings  of  a  steam- 
engine,  we  should  select  some  convenient  size  fbr  the  drawings ;  we  might,  for  example, 
Tepresent  the  engine  one-eighth  of  its  real  size,  and  should  form  a  scale  every  inch  of 
which  should  stand  for  eight  Inches  of  the  real  woil,  every  foot  for  eight  foet,  and  every 
inch  and  a  half  for  one  foot.  This  would  be  called  a  scale  of  one-eighth  real  uze,  or  a 
scale  of  an  inch  and  a  half  to  a  foot,  because  an  inch  and  a  half  is  tbo  eighth  part  of  a 
foot.  Now,  in  making  the  drawing,  or  measuring  from  it  when  made,  it  wonid  be 
'troablesome  and  tedious  to  calculate  what  should  be  the  size  drawn  of  each  dimension 
of  the  work ;  bnt  having  first  formed  a  scale,  such  as  Fig.  63,  every  inch  and  a  half  of 


J.^'i'T'Jl'A 


which  represents  a  foot,  one  of  these  feet  beii^  divided  into  twelve  inches,  we  can  at 
ice  apply  it  to  the  drawing,  and  set  off  any  required  dimension  in  feet  and  inchei. 
The  most  convenient  scales  for  mechanical  drawings  are  those  of 
'   6  inches  to  1  foot,  or  i  real  aiie,  I  1  indi  to  1  fimt,  or  -jV  real  siie. 

3       „        1       „       i        ,,  i      „      1       „      A        „ 

2       ..        1      ,,       i        „  1      ,.      1       >.      A        „ 

li    ,.       1     „     i      „  .1        i     „     1     ..     A      ,, 

For  architectural  drawings,  and  drawings  of  large  works  generally,  the  following 
i    scales  will  bo  ibund  convenient,  in  addition  to  the  above : — 
J  1  inch  to  10  feet,  or  sht  real  size.         I         I  inch  to  50  feet,  or  sJu  real  size. 

I  1      „      20      „      jia       „  1      »      80      ,,       Biff      ,» 

j  I      „      «      „      ifi       „  I        1      „     100      „      r^     „ 
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Fordntwings  of  ltiQd-BiiTTefB,ituQnul  to  employ  duuiu  *s  units  of  mesiutoment ; 
and  icalea  nre  therefore  made  in  temu  ofthom,  luchutaichBmatooneuuih,  and  the  like. 

In  plana  of  railway  or  canal  works  it  is  often  necenaiy  to  measure  rouod  currea  ;  and 
as  these  corves  are  generallf  made  portions  of  circles  Git  esse  of  setting  out  and  Gxecu- 
tion,  circular  scales,  divided  equally  round  their  oircamfureDces,  are  somctiiaes  cm- 

Offiiets  aro  short  scales  which  act  as  set-sqtuue*  as  well  u  scales. 

The  protmctor  is  on  instrument  generaUy  made  semioiicular,  divided  ont  equally 
round  the  circumference  in  decrees ;  and  it  is  used  for  setting  oft  snch  angles  as  may  be 
required.  ' 

The  other  inatrumcnts,  such  as  dividers,  draving'pens,  pen  and  pencil-compasaea, 
are  so  generally  known,  and  their  use  is  so  simple,  that  wc  need  not  devote  spaea  to  con- 
aidering  them. 

For  the  diaughtsmnn  employed  ou  devising,  on  p^er,  yroA  to  be  executed  in  solid 
materials,  we  strongly  recommend  tbat  be  should,  as  much  as  possible,  endeavoot  to 
draw  all  details  of  their  fiill  size.  Scale-drawings,  especislly  of  large  woils,  are  abso- 
lutely required  to  show  the  combinatian  of  all  tbc  parts  into  the  one  machine  or  engine, 
fuU-size  drawinga  of  whiuh  would  be  of  most  inconvenient  size.  Sut  in  addition  to  the 
aaalc-drawings  of  the  whole,  it  is  the  practir«  of  the  best  engineers  to  execute  ^ill-aized 
drawings  of  details.  One  great  advantage  of  this  is,  that  the  draughtsman  sees  better 
on  the  full  size  what  should  be  the  best  forms,  dimensions,  and  combinations  of  the 
parts  in  reapect  of  strength,  efficiency,  and  economy  of  material  and  labour ;  and  another 
advantage  conaiata  in  the  facility  with  which  tha  worlonsD  can  read  off  the  drawings,  or 
transfer  to  the  solid  materials  he  labours  on,  the  dimensions  and  forms  marked  on  the 
drawings :  he  has  only  to  apply  his  rule  to  the  drawing  and  to  hia  work,  and  make  them 
agree.  Farther,  as  it  is  customary  for  workmen  to  use  rules  divided  into  inches,  and  these 
again  into  halves,  qoartcrs,  eighths,  and  sixteenths,  the  draoghtsman  should  make  his 
dimensioDa  such  as  can  be  measared  iu  those  fractions.  We  have  known  numerous 
workmen  who  perfeotly  comprehend  the  eighth  or  aiiteena  part  of  an  inch,  bat  had  not 
the  remotcat  conception  of  what  was  meant  by  the  tenth  or  the  twentieth  part.  Were 
the  dimensiona  even  figured  by  tenths,  the  workman  would  read  it  in  quarters,  eighths,, 
ot  dxteenths,  and  would  most  probably  err  in  reducing  it  from  the  one  denomination  to 
the  other.  It  is,  therefore,  preferable  in  the  first  instance  to  draw  or  figure  the  dioen- 
sions  iu  a  denomination  which  the  workman  will  employ. 


8TRESGTH  OF  MATERIALS. 

The  materials  with  which  the  practical  mechanic  has  priDcipsUy  to  deal  are  metals, 
such  as  steel,  wrooght-iron,  oast-iron,  copper,  brass  and  gun-metal,  lead,  tin,  and  zinc ; 
timber,  such  as  oak,  teak,  ash,  boech,  and  other  hard  wooda ;  fir,  pine,  cedar,  and  other 
soft  woods  {  stones,  bricks,  mortars,  and  cements  ;  cordage,  straps  and  bands,  and  tho 
like.    The  strains  to  which  these  materials  may  be  subjected,  may  be  classed  under  five 

1.  Tension,  or  a  strain  applied  In  the  direction  of  the  fibres  of  a  body,  ao  as  to  pull 
it  asunder,  as  in  the  case  of  ropes,  bands,  tJe-rods,  and  chains.  The  strength  of  a  body 
to  resist  a  strain  of  this  kind,  is  called  ila  cohesion,  or  the  force  with  whi^  its  parts  are 
held  or  knitted  together. 
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2.  Compresdon,  or  a  stnun  applied  bIbd  in  the  direcUon  of  the  fibres  so  as  to  crash 
R  body,  08  in  the  cue  of  a  column.  Compressive  strain  is  exactly  opposite  to  tenaiTe 
strain ;  and  tie  power  of  a  body  to  resist  it  seems  to  depend  oHefty  on  its  ekstidty. 

3.  Tnuurene  atrain,  or  brce  applied  perpendicularly  to  the  fibres  so  as  to  break  the 
1iody  across,  as  in  a  boani  loaded  in  the  middle.  In  resisting;  a  strain  of  this  kind,  the 
cohenon  and  elasticity  of  a  body  are  also  oTcrcUed. 

4.  Toraion  or  twisting,  or  a  force  applied  at  the  end  of  a  lever  so  as  to  turn  one  end 
of  the  body  round  its  axis,  while  the  other  end  is  fixed,  as  in  a  shaft  or  axle. 

5.  Clipping  or  ahearing,  or  a  power  applied  to  divide  to  cnt  a  body  across  its  fibres. 
All  the  posnble  stntina  to  which  materials,  whatever  be  their  forms  and  arrangemente, 

eon  be  anbjected',  are  of  one  ormorc  of  these  classes.  "We  therefore  propose  to  consider  them 
separately,  and  endeaTOur  to  apply  the  results  of  oiperiment  and  obaeira^n  to  their 
disoassion,  endeavouring  to  avoid,  as  far  as  possible,  mere  abstraot  mathematical  inves- 
tigations. We  cannot,  however,  altogether  dispense  with  mathemadcal  aid,  but  we 
shall  endeavour  to  place  the  teasonii^  as  much  as  possible  on  such  a  footit^  that  a 
student  having  a  moderate  aequuntanco  with  the  general  principles  of  mechanic,  may 
have  little  diffloulty  in  following  it.  Wc  must  premise  that  the  whole  subject  is  as  yet 
in  an  unsettled  condition  in  some  respects,  for  it  has  happened  that  very  fo\r  writers  have 
discnssod  it  as  a  whole  ;  and  of  those  who  have  discussed  portions  of  it,  some  may  be 
said  to  have  done  so  with  too  little  regard  to  its  practical  application ;  while  others  have 
ened  in  the  opposite  direction,  giving  mere  empirical  rules  without  theoretical  reasons 
for  their  establishment.  We  shall  endeavour  to  steer  a  middle  course  between  these 
oitnnus,  trying  to  show  as  clearly  as  possible  the  reasons  for  conclusions  that  have 
been  arrived  at,  and  quoting  from  the  best  authorities  the  results  of  experiments  in  a 
form  that  may  render  diem  conveniently  applicable  in  practice. 

1.  Tension. — We  may  consider  that  every  body  subjected  to  tension  con^sts  of 
nncurous  fibres  laid  ride  by  side,  and  extending  over  the  whok  length  of  the  body. 
Sven  if  the  body  be  not  of  a  fibrous  conetitutioa,  we  may  conceive  its  particles  to  be 
amtnged  in  longitudinal  rows,  each  particia  being  held  to  the  next  by  some  fbrue  which 
w«  call  attraction  of  c<Aesion.  A  row  of  particles  so  held  togetlier  exactly  corresponds 
with  out  notion  of  a  fibre ;  and  we  are  therefore  warranted  in  beating  a4  badie«  as 
fibrous  while  we  discuss  their  strength  to  resist  tendon. 

Let  us  suppose  that  we  have  a  rope  capable  of  sustaining  a  hundredweight,  and  no 
more,  without  breaking.  We  should  call  the  abstJnte  cohesive  strength  of  that  rope  one 
hundredweight,  or  112  lbs.  The  length  of  the  rope  by  which  the  weight  is  suspended 
has  evidanUy  no  influence  on  its  strength ;  for  if  any  one  part  of  its  length  bo  capable  of 
sustaining  the  strain,  and  if  it  bo  uniform,  every  other  part  will  be  equally  capable  of 
sustaining  it.  It  is  true  that  were  it  hanging  vertically,  addidons  to  its  length  would 
increase  tiie  weight,  stretching  its  upper  portion,  because  each  portion  of  added  length 
becomes  an  added  weight.  But  considering  the  weight  of  the  rope  itself  as  part  of  the 
Btretehing  force,  we  say  that  the  given  rope  has  an  absolute  coheave  strength  of  112  lbs., 
■whatever  be  its  length. 

Kow,  if  any  number  of  such  ropes  were  suspended  in  a  row  (Fig.  £4),  each  might 
have  a  hundredweight  attached  to  it  witliout  breaking,  and  the  absolute  cohesive 
strength  of  all  together  would  be  expressed  by  the  number  of  hundredweights  sus- 
tained ;  that  ia,  by  the  nimihcr  of  ropes,  reckoning  each  as  having  the  strength  of  a 
hundredweight  Whether  we  deal  with  ropes,  however,  of  hemp,  or  rods  of  wood  or 
□f  iron,  or  of  any  other  material,  if  wo  know  the  strength  of  one  such  rod  and  tho 
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onber  of  tlicm  Mutdnii^  eqiul  wei^ti,  yre  kaoyr  iJie  total  weigbt  siutiuiied  by  them 
1;  JbttJB  to  «y,  tbtar cwobjnwl  tfawigth.  Let  us  unime,  iiutead  of  ropes,  lliatwe 
.  experiment  with  square  ban  of 
'  roD  meaaiudiig  ui  iach  eaoh  iritj, 
I  luTing  a  square  inch  of  aec- 
tionsl  area.  Whether  a  number 
of  tJu»e  ban,  aoch  as  nine  of 
them,  be  suapeuded  in  a  tot,  of 
which  A  {Fig.  S5)  is  the  plan, 
with  intervals  betireen  them ;  Or 
in  a  close  row  trith  no  interrals 
as  in  B,  and  forming  a  bar  nine 
inohei  wide  by  one  inch  thick ; 
or  in  a  square,  C,  measuring  three 
inuhca  each  way  j  there  can  be 
no  difference  in  their  combined 
streji^,  or  in  the  total  weight 
cairicd  hy  the  whole  number  of 
bars,  howcrer  tbey  may  be  ar- 
nuged. 

If,  then,  we  know  tho  weight 
sustained  by  a  bar  or  rod  of  any 
material  haviiig  a  sectional  an:a 

i^^  ^m  ^^  of  one  square  inch,  we  can  esti- 

M^^         mUk         ^^H  tsined  by  any  other  bar  of  the 

H^y         ^y         ^y  same  material,  by  calculating  the 

Eilifl        l\   llBB        li|'  U  number  of  square  inches  in  its 

I-  ll  I       lliiitB       I  I  I  sectional  area,  and  allowing  the 

HI  I       Hii^B       iii  U  known  strength  for  each  square 

mU       llli^  Jl       p![||B  inch.    For  example :  let  us  sup- 

pose  that  we  flud  by  experiment 
the  aTerage  strength  of  a  bar  of 
Tonght-irMi,  1  aqnaxe  inch  in  section,  to  be  30  tons,  or  67,2D01bt  ,  let  ni  ascertain 
IS  strength  of  a  bar  10  mcbes  wide  and  10  inches  thick     Smce  tbo  sectional  area  is 


tons;  or  67,200 lbs.  ) 


!.  6,720,0001bB.    The  strength  of  n 
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loh in duneterwoald  be  eatinuted  in  the  samo  tsj;  fbr  u  l]>e  ftrak  of  nairclo 
I  inoh  in  dilmeter  ii  0-7864  sq.  in.,  the  itrsogth  of  tha  round  bar  1  inch  in  diameter 
would  be  30  tons  X  0'7864  aii.  in.,  about  23J  tone;  oi  67,200  Ibe.  x  07854  sq.  i: 
about  52, 7S01b& 

Firtbw,  aa  the  areas  of  circles  are  in  propottion  to  the  sqnMW  of  their  ™«peclivB 
iametera,  the  itrength  of  a  round  bar  of  iron  of  any  diameter  is  23|  toiu,  or  52,7B0  Iba., 
multiplied  by  the  sqoaro  of  the  diameter  in  inches.    Thus,  a  round  bar  of  10  inchea  in 

netar  has  a  atrength  of  23)  tons  x  100  ^  2350  torn;  for  the  area  of  a  circle 
10  inches  in  diameter  is  100  times  that  of  a  circle  1  inch  in  diameter.  All  this  moi' 
of  calculation  manifestly  proceeds  on  the  simple  principle,  that  every  equal  fibre  w  ro 
of  particles  is  supposed  to  aot  equally  in  resistiDg  slnun ;  aad  that  as  the  number  of 
h  fibres  or  rows  is  proportianal  to  the  area  of  aeoUon,  tha  strength  of  difib[«nt  bars 
or  rods  are  therefiire  proportional  to  their  areas  of  section. 

So  &r  the  Iheoretical  principle  ot  oohomTe  strength  appears  rery  simple  and  eauly 
applicable  in  prsetiee.  It  aow  becomes  our  bnsinea  to  inquire  hoir  tu  practical  resnlta 
agree  with  the  theoretical  principle,  Hany  engineera  hare  devoted  great  care  to  ezpe- 
rimeuta  on  this  subject ;  and  although  the  results  present  considerable  differences,  yot 
all  of  them  seem  to  bcsr  out  the  principle  we  have  laid  down.  As  an  example  of  tho 
near  approach  which  praotioa!  results  make  to  the  theoretical  law,  we  may  select  some 
ezperimeots  made  on  round  copper  bars,  as  shown  in  the  following  table.  The  first 
column  contains  the  diameters  of  the  bar  in  inchea ;  the  seoond  the  sectional  anai 
square  inches,  or  decinul  psrls  of  a  aquaro  inch ;  the  third  contains  the  weight  in  tons, 
and  decimal  ports  of  tens,  which  were  required  te  break  the  bats ;  and  the  fourth  cdumn 

iains  the  weights  in  tons  per  square  inch  of  sectional  area  required  to  break  w  t«ar 
the  bars  asunder.    The  numbers  in  the  lost  column  are  calculated  by  a  eimple  proper- 

I ;  thus,  taking  the  bar  I  inch  in  diameter,  the  areft  of  which  is  0'7861  square  inches, 
and  the  breaking-weight  17  tons,  we  say — 

Bq.ln.       Sq.ln.       Tonii.  Toiu. 

0'7SS4    ;     1     ::     17     ;    21'645; 
the  weight  that  would  be  required  to  break  the  bar  were  it  one  inch  square. 

Table  I. — EeperimeHit  m  Cehaivt  Strtngth  of  Cytmirieal  Copptr  Ban. 

BresUng-irclglit 
Diuiuterofbsr;  Area:  Breakinff-ireigbt :  reduced  to  1 


H 

0-9940 

07SM 

t 

0-6013 

i 

0'«17 

9  20'376 

Mean  2!  36  tons. 
It  will  be  seen  that,  althongh  the  sectional  areas  of  the  ban  differ  ymj  eonaidersbly, 
the  bteaking-weights,  rednoed  te  one  square  inch  of  area,  do  not  Tary  greatly  finmi  their 

Table  II.  contains  the  results  of  eiperiments  on  beat  hempen  bower  cables  used  in 
le  navy.  The  first  column  contains  flie  circumferences,  or  girths,  of  the  cables  ii 
inches  (the  dimensions  of  cablea  being  generally  stated  in  tonnt  of  their  girths) ;  tb»    , 
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aeotHid  colnnm  oonbuiw  their  lectioaal  anai  u  squue  iiLohM;  tbe  thiidei 
Dumber  of  threadi  ia  escb ;  the  Ibiuth  colnma  taaAt  die  actual  brecking-weighls ;  Ulfl 
fifli  thcbraakmg-ireiglitipersquuemohof  cectkHulare*;  and  the  sixth  the  breaking- 
reighta  per  thread. 

TiBLB  II. — ExperiTHfiitt  on  (I«  Cbietive  Sirtngtht  of  Bat  Himptn  Boicer  Cables. 
(Swninf  -      lUMInnai  ■!«.        "(n  nf  Brealiiog-         Brcik.  Height       Break,  weixlit 

23     .  42  2736  IH  27U  93$ 

IS  26  1656  63  2123  i5\ 

U\  IT  lOSO  40  2'353  83 

Mean  2-5  neariy         87 

The  itrengths  ia  those  casce  alio  are  very  nearly  ae  the  xctionsl  areas  or  Dumben  i 
threads.  Wo  ehall  flnall;  i^unte  tho  resulta  of  »onie  ciperimetita  on  Ihe  etrcngih  of 
wraught-iran  ban  of  Tuious  qualities,  aa  marked  in  Toblo  III.,  where  the  brcaking- 
wei^ts  per  equare  inch  are  given,  ua  calculated  from  the  ei:peiimcnte.  The  flntcolun 
conUina  the  deecription  of  bar,  the  Becond  contoini  the  dimeiuioaB,  tlie  third  gives  Uic 
omouata  in  inches  which  each  foot  of  the  bare  stretched,  and  the  fourth  givot  the  break- 
ing-weight«  per  iquare  inch  of  lectioiitJ  area. 


South  Wales,  cylindricaL 

Ditto  ditto. 

Stafford,  Bquare. 

'  Bitto     ditto. 

Scrap,  aquare. 

Common,  cylindricaL 

Stafford,  equare. 
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By  numerous  erpcriments,  such  as  those  quoted,  data  have  been  detennined  from 
which  we  can  readily  calculate  the  dimensions  of  a  bar  of  any  material  to  carry  a  given 
weight,  or  oonverBoly  the  weight  which  a  given  bar  of  material  will  carry,  lieae  data 
have  been  determined  by  the  actual  breakage  of  the  b*«  tested;  but  in  practice,  where 
durability  and  adequate  strength  to  meet  cdntingenciea  of  strain  are  required,  it  is  necea 
sary  to  give  the  materials  we  employ  considerably  greater  dimensions  than  such  a 
would  merely  preacrve  diom  from  breakage,  or  to  load  them  with  considerably  leea 
weights  than  those  which  would  tear  them  asunder.  Farther,  it  is  found  in  practice 
that  mnterinlH  aubjeoted  to  considerable  strains  for  long  periods  of  time  gradually  loae 
their  tenacity ;  and  this  degradation  of  quaLty  must  be  provided  against  when  peci 
eoce  and  stability  are  required. 

In  the  ease  of  metal  bars  it  is  advisable  not  to  load  them  beyond  one-third  of  their 
actual  breaking  strain;  or,  in  other  words,  to  provide  tliemof  three  times  the  strength 

G.HHjIc 
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anffloimit  to  nut  tearing  mmder.  In  the  nan  (tf  lopti,  titnW,  ind  nich  odwrmate- 
rials  ai  lire  of  leu  nmform  conflutenoy  than  metili  geneially  are,  or  an  more  liabla  tit 
degradatiOB,  it  is  adviBabU  to  provide  pt  leoit  four  timsl  the  breaking  sb'sngllL 

Table  IV.  coutaitudAtaforthaitrengthof  anumbeiof  materials  on  which  «^m- 
menta  have  Iwen  made ;  and  the  nitmbets  giren  may  be  eofely  ated  in  ealcolatjon,  ai 
they  are  reduoed  to  ooe-thiid  or  one-Gniith  of  the  bieaking  iljength. 

The  atren^ths  are  g;iven  in  aqnaie  inches,  and  alio  in  tucular  indic*  for  ccnTenienee 
of  caleulatioD ;  and  the  following  aie  the  rulee  fbr  calculating  the  alreugth  of  a  give 
bar,  or  the  dimenaiona  reqniied  to  heal  a  giTea  load. 

I.  Given,  Uie  dimmaions  of  a  bar  of  any  material  to  Snd  its  cohcairo  atrenglh,  or  th 
censtant  load  it  will  safely  Lear  in  the  direction  of  its  length. 

1.  When  the  bar  is  square. 

Suit. — Uultiply  tlie  number  of  inches  in  the  side  by  itself  and  by  the  nmnber 
opposite  the  given  material  in  column  2  of  Table  IV. 

Example  I, — Required  the  cohesive  strength  of  a  square  bar  of  Engtieh  WTOu^t-iKNl, 
of  which  each  side  measorea  2J  inches. 

il  eipreaaed  deoinuilly        .        225 
Uultiplied  by  itaelf  .       2-25 


MTiltiply  by  tom  in  table    . 


42-01876 
Negjeeting  the  decimal  ftection,  we  find  that  we  may  aafely  load  the  bar  with  a 
weight  of  42  tons. 

2.  When  the  bar  is  oblong,  or  of  some  ot^r  form  h&viBg  straight  sides. 
Jtufc.— Multiply    the    width    by    the    thickQess,    or     .^ _^ ^ 

geaendly  find   the  sectional  area  in  square  inches,  and      ■ .  ^ 

multiply  by  the  aumber  in  column  2  of  the  table.  I  X. 

jism^  2. — Ecquired  tbo  cohesive  strength  of  a  bar  < — '2—-> 1  i 

of  wrought  copper  of  the  farm  end  dimenaiong  given  in  \  / 

Pig.  S6.  \  /  " 

The  upper  part  of  the  figure  is  an  oblmg  or  rectangle,  \         / 

of  which  the  width  is  4  inches  and  the  thicbiess  ia  1  inch;     ' ' — -* 

its  Bi«a  ii  therefore  4  x  li  or  4  square  inches.  <-  j-^ 

The  lower  part  of  the  figure  is  a  trapeaoid,  of  which  fig-  W. 

the  Ibiokness  at  one  edge  ia  2  inches,  and  at  the  ot^er  1 ;  the  mean  ddckneaa  is  there- 
fore 1^  inch,  and  the  vridth  being  2  inches,  its  aiea  is  1 J  x  2>  or  3  square  inches. 
The  total  area  of  the  section  is  therefore  7  square  inches :  and  7  multiplied  by  6 
tmks,  the  Btrength  of  wrought  capper  in  column  2  of  table,  gives  the  abength  of  tho 
bar  36  torn. 

3.  When  the  bsr  is  cylindrical. 

Suit. — Unltiplv  tho  diameter  in  inches  by  itself  and  by  tho  number  in  column  S. 
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£r«Mf>fe  3.— Beqnited  the  ooheuTe  Btren^  of  a  &r  poto  4  inchd  in  duuneter. 
4  X  1  X  1'^  give  20-16,  wy  30  toni. 
1.  When  the  bar  iitEtelUptictlaectioii. 

Stile. — Hohiplf  the  greater  diameter  b;  the  less,  and  bj  the  nmnher  in  coluBia  3. 
Unable  4. — Required  the  Goheatve  Btrengtl)  of  an  elliptknl  lead  bur,  of  -which  the 
gioaler  diametor  ia  2  inches  and  (ho  lew  Ij  Inch  :  2  x  li  X  WO  giTC  IfiOO  Iba. 
6  When  the  bar  u  pylindncal  and  hollow  like  a  pipe. 
Sail  •— Uulliply  the  enter  diameter  by  itaelf,  and  also  the  inner  by  itoeli;  mbtract 
the  one  product  from  the  other,  and 
multiply  Qte  renuunder  by  the  munber 
in  colunin  3. 

ExatHpl*  6. — Bequired  the  coheaive 
atiength  of  a  bran  tube  2  inchea  diameter 
outtide  and  1  j  diameter  iniide. 
2    X2   =i 

Uxij-aj 

lJx212  =  3-7 

8.  Aa  a  general  rule,  whatcrer  be 

form  of  BectioD,  find  the  area  either 

■*      2*        *    in  iquare  inches  or  circular  inches,  and 

use   aa    a  multiplier    the    number   in 

case,  and  that  in  column  3  in  the  other.     Or  find  the  itrengths 


■«     Jf-    > 


column  2  in  the  oi 

due  to  theaeveialpartaof  the  Bection.  and  add  them  together  for  the  total  etrength. 

Examptt  S. — Required  the  coheiire  strength  of  a  cast-iron  bar  of  the  form  and 
dimenaioDa  giren  in  Fig.  S7. 

Taking  firat  the  hollov  semieircular  part, 


Take  }  for  aemicircle  )16 


Two  upright  sides  each  2  in.  by  1  ia.  hare  an 


I,  X  2-12  tons  {col.  3)  =  1698  tons. 


Two  lower  flanges  each  2J  in.  by  1  in.  have  an 

area2x2iXl =6 

Square  inchea  9  X  ^t  tous  (col.  2)  =  24-3  tons. 

Total  cohesive  strength  41-26  tona. 
lay  41  tona. 
II.  The  conTcraa  operations  are  for  calculating  the  dimensiont  of  ft  bar  required  t( 
carry  a  given  load. 

7.  fThen  the  bar  is  square  la  oblong, 

Stilt. — Holtiply  the  nnmber  in  column  4,  by  the  given  nomber  of  tona,  and  tho 
product  givea  the  number  of  square  inches  of  seetioiial  area. 

Smmgilt  7. — Bequirad  the  area  of  a  bar  of  wronght-itoa  capable  of  si 
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Number  from  col.  4   .    .     .     0-120 
Multiply  bj- 10 

r2  square  inch. 

This  sectional  area  may  be  attained  by  maMng  tho  bar  square  about  lA  inch  of  a 
aide ;  or  making  it  oblong,  ench  aa  2  iDcbea  by  j-  inch  tMclc,  or  any  dimenaiona  mcb  tbat 
their  product  is  at  least  12  square  inch. 

8.  When  tho  bar  ia  cylindrical. 

^ufe.— Multiply  (ho  number  in  col.  S  by  tlio  weight  in  tons,  and  take  the  square 
root  of  the  product ;  it  wiH  be  the  diameter  in  inohee. 

Example  8. — Ecquired  the  diameter  of  *  cylindrical  bar  of  wrought-copper  to  carry 


Number  from  col.  fi 
Multiply  by  .    .     . 


0-235 


Tho  square  [«ot  of  d  is  3  iuehea,  the  diameter  of  the  bar. 

9.  For  ban  having  sectiona  of  Tarione  fbims  and  proportions,  the  ealculatioD  must 
be  trials  to  a  certain  extent.  The  number  of  square  inches  required  is  found  as  iu 
Example  7,  aod  these  may  be  disposed  in  any  suitable  form  that  may  bo  required. 

Table  V>'.—I)ata  for  Calailatinp  tie  Coi^iive  Slretigtlia  of  Ban  of  dipirmt  Materiali, 
dtttrmitied  from  the  Avtragis  of  mmfrout  Mxperimentt.  The  numbeTi  are  giteii 
romidly,  at  no  malerial  error  teili  arite  in  praeiiee  from  their  iiee. 


CO,... 

Col.  2. 

Col.  8. 

Col.  4. 

Coi.J. 

SamerfmatemJ 

Strength  per  jqoare 

strength  per 
dnmUr  inch  or 
Kctionslarn. 

bear  "ion. 

'BS: 

Ash 

Beech  

2  2    or    5,l)»0 
1-S     „    3,400 
2  7    „    6,000 
1-6    „    3,600 
I'l    „    2,400 
14     „    3,100 
1-3    „    3,000 
20    „    4,500 

2'7    „    6,000 
2-8    „    6,300 
60    „  11,200 
2-7    „    0,000 

8'3  „  18,600 
10-7    ,,24,000 

0-3  „  860 
200  ,,  46,000 
18'6     ,,41,500 

0'7    „    1,600 

Ton..          lb.. 
1-73  or  3,900 
M8„    VM 
2' 12  „    4,700 
1-26  „    2,800 
0-86  „    1,900 
MO  „    2,400 
1-02  „    2,360 
1-71   „    3,600 

212  „    4,700 
2'20  „    4,000 
3-93  „    8,800 
2-12  „   4,700 

8-62  „  14,600 
8'41  „  19,000 
0-24  „      500 
16-7     „  36,000 
14-54  „  32,600 
0-55  „    1,260 

"o-46  ' 
0-66 
0-37 
0-62 
0-93 
0-73 
0-75 
0-60     - 

0-373 
0-356 
0-200 
0-373 

0-120 
0-093 
3-446 
0-050 
0-054 
1-400 

circina. 

0-57 

0-84 

oijlT.  .:'":::". 

leak 

O'Gl 

0'4T6 

Copper  (cast)  

Copper  i^-ught)  .. 

Iron  (cast)   

Iron  (wrought),  Eng- 

0-464 
0-256 
0-476 

0-153 

Ditto  (Swedish)  . . . 

lead  (caat) 

Steel  (blister  or  cast 

Steel  (shear)    

Tin(cast)     

0-U8 
4-390 
0-064 
0-069 
1-783 
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a  leave  the  aabject  of  tensire  alieiigth,  ire  will  disouu  a  case  vliioti  fre- 
quently OMun  in  practice,  and  where  tlie  cohcaiTe  fbnse  of  nateriala  ig  emploTcd  in  a 
tcskI  to  Kidst  &  bursting  or  ezplodiog  stnun  arising  from  Hie  presBure  of  a  fluid  vithiu 
it.  Warn  a  boiler,  pipe,  or  other  Teseel 
intended  to  contun  a  fluid  exerting  coa- 
udcrable  javaauic,  made  of  any  form 
eicept  ciicular  in  section,  the  internal 
pressure  would  change  llie  form  of  sec- 
timi.  Thus  suppose  the  section  were  of 
a  square  foim,  as  in  Fig,  S8,  the  internal 
pressure  acting  equally  on  every  part  of 
the  casing,  as  marked  by  the  airowa, 
would  bulge  Ihe  flat  ^des,  as  indicated 
by  the  doited  lines ;  and,  finally,  were 
the  material  sufficiently  pliable,  would 
eitend  it  into  a  circular  form.  After 
having  attained  a  circular  section,  no 
farther  change  of  fbrm  would  be  effected, 
■ — ^;r;x:;rjrvr=:^^ — '  ""^  *^  pre«nra  of  the  internal  fluid 

p]g  jg^  might  be  increased  until  it  attained  snf- 

cieot  magnitude  te  burst  or  rend  asunder 
Veasols  destined  to  sugta.iD  considerable  internal  pressure  are  generally 
made  circular  in  section ;  and  a  few  simple  considerations  will  enable  U9  to  ascertain 
'ain  which  the  pressure  in  such  vessels  throws  upon  the  material  of 
the  casing,  and  hence  to  compute  the  strength  of  material  that  should  be  employed  ia 
their  consttuctioB  in  order  that  tiey  may  sustain  a  given  pressure. 


t    ^ 


Lot  ns  suppose  that  a  steam-boiler  is  of  cylindiieal  form  as  in  section  1  (Fig.  59), 
having  pressure  eiertcd  on  it  equally  on  every  part  of  its  surface,  as  indientod  by  the 
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IWE.  Oao  effect  of  this  pressure,  if  it  exceeded  the  Btreiigth.  of  the  mateiiid  omtaiit- 
isg  it,  woulil  be  to  lend  it  asunder  at  aome  point  A,  lecCiim  2 ;  or  it  might  rend  it  M 
two  opposite  points,  B  and  C,  secUon  3,  bo  as  to  force  one  b&lf  of  the  eadng  avny 
from  the  other.  Nov,  if  the  material  were  of  perfeotly  anifbnn  oonmstoncy 
■trengdl  ihroughout,  there  ia  no  reason  why  ono  point  A,  or  any  two  points  B  ani 
should  be  selected  for  brealmge  more  than  any  other  points;  but,  as  in  practice  mate- 
rials are  never  perfectly  uniform,  so  in  theory  we  may  ai;^pose  the  casing  to  be  so 
what  weaher  at  A,  or  at  B  and  C,  thanelsewhere,aud  trace  the  influmoe  of  the  presi 
effect  a  breakage  at  such  points.  Were  we  to  suppose  the  whole  of  the  vessel  tc 
filled  up  with  solid  matter,  except  a  thin  film  of  fluid  in  the  middle,  as  shown  in  sectSm 
4,  exerting  a  ^-assure  on  every  point  of  the  flat  side  of  the  solid  fllling-up  exposed  to  it, 
'e  should  involve  no  change  in  the  conditions,  fior  the  two  points  of  the  circumference, 
H  and  K,  terminatiilg  the  film  of  fluid,  would  have  to  resist  exactly  the  aamo  buratdng- 
straia  as  if  the  rest  of  the  c«siiig  were  filled  with  fluid  isstesd  of  sirfid  matter.  Farther, 
bis  section  would  apply  at  any  part  of  the  length  of  the  cylinder,  ve  may  take  a 
or  portion  of  its  length,  one  inch  in  breadth,  and  trace  the  effect  on  it — an  eSbct 
which  would  bo  repeated  equally  on  every  such  belt  one  inch  wide  throughout  the  whole 
length  of  the  cylinder.  Knowing  tlio  pressure  which  the  intctluiL  fluid  exerts  on  every 
square  inch  of  the  casing,  we  see  by  section  4  that  the  bursting  pressure  on  a  belt  of 
ng  one  inch  wide  is  to  be  measured  by  the  pressure  on  a  surface  represented  by  the 
line  HE,— that  is,  on  a  Bor&ce  having  for  length  the  dinneter,  and  one  inch  in  width.  If 
this  pressure  burst  the  casing  at  one  point  £,  section  5,  so  as  to  cause  one  half  to  tnm 
round  the  oppoaite  point  L  as  a  iiilcrum  or  centre ;  then,  by  the  well-known  principle 
oitho  lever,  that  a  unifiinn  pressure  acting  at  every  point  of  the  arm  of  a  lever  has  the 
une  eSect  to  turn  it  round  its  fulcrum  as  if  it  were  sll  collected  into  one  force  act 
t  the  middle  point  of  the  arm,  wo  see  that  1^  bursting  pressure  ia  equivalent  t 
force  acting  at  D  (as  marked  by  the  arrow),  while  the  cohesive  Ibrce  of  the  casing  acts 
at  K,  double  the  distance  firom  the  fulcrum  L.  Hence  we  conclude  that  the  bursting 
force,  as  resisted  at  (me  point  of  the  oircuinference,  is  half  the  prcsaum  on  the  diameter, 
ir  the  pressure  on  half  the  diameter  or  radius.  Again,  if  the  vessel  open  at  two  points 
F  and  G,  section  6,  we  sec  that  the  whole  bursting  force,  marked  by  the  central  an 
being  resisted  by  tro  equal  forces  at  F  and  G,  each  of  those  forces  need  be  only  half  the 
bursting  ioax ;  so  that  in  this  case  we  find  that  the  effect  to  open  the  circumfbrence  ii 
half  the  pressure  on  the  diameter  as  before. 

To  apply  these  conraderations  in  practice,  let  us  suppose  that  a  boiler  of  £n^iidi 
FTought-iron,  8  feet  in  diameter,  has  to  sustain  aninlemal  pressure  of  100  lbs.  per  square 
ich,  and  ascertain  the  necessary  thickness  of  the  plat«  to  resist  this  force.  Taldng  a 
belt  of  it  1  inch  wide, 


3  feet  01 


Has  a  sotCmw  of 36  sq.  ins. 

Multiplying  by  pressure  per  sq.  in.       .        .        .  100  lbs. 

a^prennntm  half  the  diameter  is      .  36001bs. 

which  is  th*  bursting  strain  on  any  bolt  of  the  circumference  1  inch  wide. 

By  Table  IV.  we  find  that  English  wrougbt-iron  having  1  sq.  in.  area  of  section,  sus- 
ainBlS,Sa01bs.;andbyasimpleproportion,lS600lbB.  :  3600 lbs.  ::  Isq.in  ;  0-2Bi).in 
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seuiy,  we.  find  thttthe  nctionil  area  of  Uie  belt  of  circamfeTeitce  most  be  0'2  tq.  in. ; 
T  that,  u  it  u  1  inch  wide,  its  thioknen  mnit  be  0'2  in.,  ac'^oriottai  inch. 
pisctice,  boQen  are  made  of  nnmeroni  pUtea  rireted  togeth«r ;  and  as  the  material 

it  ixwiy  bj  the  rivet-holea,  it  ma;  be  nmcb  weakei  at  these  ^acea  than  elievhere. 
would,  Qierefbte,  be  adriaable  to  make  the  strength  of  the  plate  at  least  double  that 
oalculated,  whieh  vonld  give  a  tliiftni— »  of  abont }  of  nii  inch. 

In  the  caae  of  hTdtaulicpresaeaThich  are  made  of  cast-iron,  andhaTetogiurtaineD 
motu  pretanres,  it  is  necessary  to  make  the  material  of  great  thickness.  There  is,  how- 
,  a  limit  to  the  pressure  which  such  cf  linden  cansostain ;  for  it  is  found  thataftraa 
un  Qiidaicai  of  iron  has  been  attained,  the  actual  substance  of  the  iron  becomes 
compmnd,  so  thA  the  inner  sur&ce  is  eonsidcrablj  exteitded,  while  the  outer  « 
face  sustains  scarcely  tnj'  bursting  force.  Additicmal  thicknesi  of  metal  does  not 
ihercfbre  contribute  propoitioiud  increase  of  strength.  Indeed,  the  practical  difficulty 
of  casting  thick  muses  of  iron  scmnd  and  soM  in  teituie,  renders  it  almost  imposnble 
to  oDTuitmct  hydraulic  presses  of  any  very  great  force.  It  is  doubtful  whether,  in  any 
case,  it  is  advisable  to  exceed  a  thickneas  of  Q  or  7  inches  when  cast-iron  is  the  material 
employed.  The  same  remaiks  apply  to  a  certain  extent  in  the  case  of  ordnance :  but 
in  maldng  large  guns  or  mortars,  a  oonsiderabte  adrantage  results  from  the  process  of 
manufietiire.  The  gun  ia  cast  solid,  and  afterwards  the  hrart  is  bored  out.  Host  of  the 
unsound  and  spongy  portions  of  the  metal  are  thus  remored,  and  the  shell  left  is  much 
sounder  than  it  vould  be,  were  it  cast  hollow  as  hydnulie  presses  generally  are. 
Vessels  for  oontaining  fluids  exerting  pressure,  are  likewise  subject  to  a  bursting  strun 
ia  the  direction  of  their  length,  which  is  reuated  by  iba  cohesion  of  the  casing. 
Taking  the  case  of  the  boilra*  6  feet  in  diameter,  and  0-2  in.  thick,  we  may  readily  calcu- 
late what  pressure  it  would  licar  before  it  gave  way  in  the  direction  of  its  length.  The 
whole  boiler  may  be  taken  as  a  hollow  or  tubular  bar  of  wrought-iron,  ci^bte  of  ana- 
taining  a  certain  weight  hnng  to  it,  equirslent  to  the  pressure  on  one  of  ita  circular 
ends,  lending  to  force  or  blow  it  to  a  distance  &om  the  other  end. 

Outer  diameter  .        72*  ins.  x  T2-4  =  6242  nearly 

Inner  diameter  .        .        720  ins.  x  720  =:  Sl6i 

Areaof  rioKincirc.  ins.  68 

CoheaiTe  strength  of  1  drc.  in.  wrought-iron  I4flO0 

Total  itiength  of  circumference  846800  lbs. 

As  the  area  of  the  end  ia  4072  sq.  ins.,  the  boiler  would  bear  a  pressure  of  more  tlian 
200  lbs.  per  square  inch,  before  parting  lengthwise.  Indeed,  It  will  be  found  that 
when  uniform  thi"  material  is  employed,  a  cylindricel  vessel  subjected  to  iotenial 
ftnid-pressure  is  almost  exactly  twice  as  strong  lengthwise  as  it  la  ciceumferenlially. 
When  the  tJiickness  is  considerable,  this  proportion  does  not  hold  good.    For  instance : — 

Let  r  ^  radius,  t  ^  tMckness,  a  ^  cohefure  strength  of  1  square  inch  of  caaing, 
fi  ^  pressure  to  burst  atcircnmfbreikce,  and  P =pressure  to  diride  the  caaing  lengthwiae. 

'Wbeot  ia  amiU  compared  with  r,  the  sectional  area  of  casing  is  nearly  2  art;  and  as 
«r^=areaofend, 

*  r' P  =  2  »  fa(  .-.  P  =  2  S?  =  2  j». 
It  is  a  singular  £ict  that  many  metals,  when  drawn  into  wire,  become  stronger  in 
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roapect  of  tenBlTC  Btrain.     Tbis  may  probably  be  owing  to  tbe  vire-dniwillg  process 

catimng  the  particles  to  snange  tbemaelves  in  contdnuooa 

libres.      From  numeroua  expenmeDta  made  on  iron  wire 

leaa  than  ^  inch  in  diameter,  it  appeUH  tbat  the  strength  of 

-wire  is  about  one-fburth  or  2S  per  cent  greater  thou  that  of 

inm  bar ;  lo  that  vhile  the  cohvsire  atrengtb  of  vroiigEit- 

iron  bara  may  be  talcen  at  S  tons  per   sqnare  inch  of 

sectional  area,  that  of  iron  wire  may  be  taken  at  10  tons ; 

or  taking  bar  at  6^  tons  per  circular  inch,  wire  will  hare 

a  strength  of  8  tons  per  circular  inch. 

The  following  are  the  rules  for  computing  the  strengths 
of  hempen  ropel  and  chains.     Tlie  dimensions  of  the  rapes 

■e  stated  in  terms  of  girth  or  ciroumferenco,  and  those  of 
the  chains  in  terms  of  the  diameters  of  tHe  metal  consti- 
.  tilting  the  links.     Thus  the  chain  which  has  a  diameter 

t  J  inch  at  A  (Fig.  60)  is  called  a  ^inch  chain. 
We  have  fbrmed  the  rules  so  as  to  compute  the  ■tmns 

t  a  lower  rate  than  they  are  geneially  stated.     It  may  be 

ue  that  a  new  chain  or  rope  will  bear  a  much  greater 
strain  than  tbat  which  we  have  allowed  to  it ;  but  the  chain 
loses  strength  by  use — not  so  much  &om  wear  as  from  610 
particles  of  iron  assuming  a  crystalline  instead  of  a 
fibrous  texture ;  and  lie  rope  loses  strength  by  wear  as  well  ^-     ■ 

ns  by  the  gradual  decay  of  its  fibres.  It  is  preferable,  therefore,  to  err  rallier  on  tl 
safe  side,  especially  when  it  is  considered  that  great  damage  may  often  result  from  ti 
brcakii^  of  a  chain  or  rope,  and,  what  is  still  more  carefully  to  be  guarded  against, 
serious  injury  to  lifil  and  limb. 

1.  Tofindthediameterof  a  chain  to  csfry  a  given  weight 
Side. — Multiply  the  weight  (tons)  to  be  carried  by  30;  the  product  will  be  tho  square 

of  the  diameter  of  the  chain  reckoned  in  I6ths  of  an  inch. 

ExampU. — Kequired  the  diameter  of  a  chain  to  oairy  10  tons.     10  x  30  =:  3 
which  is  near  324,  the  square  of  IS ;  therefore  the  diameterof  the  chain  must  he  iJin 

2.  To  find  the  wdght  which  a  chlun  of  given  diameter  will  carry. 
Sail. — Divide  tbe  square  of  the  diameter  (reckoned  in  IGths  of  an  inch)  bf  30 ;  tbo 

quotient  will  be  tlie  number  of  tons  carried. 

^Eotnpb.— Bequired  the  strength  of  an  inch  chain:  I  inch  ia  ^  of  an  inch,  and 
16  X  16  =  2Sfl  1  dividing  by  30  we  bare  about  8}  Ions. 

•).  To  find  the  circumference  of  a  rope  to  carry  a  given  weight. 

Sale. — Multiply  the  weight  (tons)  by  11 ;  the  product  will  be  tho  square  of  the  dr- 
RmfBience  in  inches. 

Examptt. — Bequired  the  size  of  a  rope  to  carry  IS  tons:  18  X  U  ^19S,  which  is 
car  190  the  square  of  14  inches,  the  circumference  required. 

4.  To  find  the  weight  which  a  given  rope  will  carry. 

Jfiife— Divide  the  square  of  the  circumference  in  inches  by  11 ;  the  quotient  will  be 
the  weight  canied  in  tons. 

Example. — Kequired  tho  strength  of  a  4-inch  rope :  4  X  ^  ^  l^i  snd  IS  divided 
l>;-llgivesljtons. 
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3.  OwBjwlon. — The  KrengUi  of  materials  to  resirt  eompreMtve  itnuiii,  appears 
to  depend  cbiefly  apoa  eome  forces  among  their  partides  acting  in  tba  oppoaite  direc- 
tion  to  oohedre  attractiOQ.  Indeed,  the  particle*  of  eveiy  solid  body  appear  to  be 
ranged  in  foch  pomtionairithreapectiooaeuLOther,  and  so  balanced  by  oohemve  attrac- 
ticm  keeping  them  together  on  the  one  aide,  uid  by  some  repuMon  reueting  tlieir 
nearer  qijamMh  on  tho  oth^,  that  eonaiderable  force  U  generally  required  b>  alter 
tiieir  rdative  pceilioni.  The  iateonty  with  which  these  forces  act  in  any  body  appears 
a  be  measured  by  their  hardness  or  Btrength  to  resist  external  forces.  But  vhile 
odieeive  attractiDa  seems  to  fallow  a  simple  and  regular  law  in  any  material — Uie  amount 
jf  attzaotion  or  the  strength  to  resist  a  tensire  strain  being  propartioaal  to  the  sectional 
)rea,or,inother  words,  to  the  number  of  particles  upon  which  the  attractioB  is  exerted — 
e^^ierinenta  havo  as  yet  shown  no  very  regular  law  as  to  strength  of  materials  to  resist 
conqcession.  Fortnnately,  inpracUoe,theotherBtjaiasto  which  materials  are  subjected 
re  genetBlly  so  much  more  likely  to  afiect  them  than  mere  compresaiTo  stxaln,  that 
whea  we  make  the  parts  of  our  work  miffloiently  strong  to  resist  the  former,  we  are 
tolerably  safe  in  respect  of  the  letter . 

Some  Taluable  experiments  hare  been  made  upon  the  strengths  of  building  msteiisJs 
— wood  and  iron — to  roaiat  compression ;  and  attempts  to  deduce  laws  irom  these  experi- 
ments have  net  been  wuiting.  We  are  not  aware,  however,  that  any  ■Btisfiu!tory 
results  have  attended  those  efforts ;  and  we  ftar  that  any  rules  founded  on  our  present 
anty  infbrmation  in  respect  of  this  subject,  would  tend  rath^  to  misleaii  than  assist 
the  pmctical  mechanic. 

e  suppose  that  a  cubical  piece  of  any  material  (Fig.  61)  is  loaded  by  a  certain 
wei^t  which  it  is  just  able  to  bear  without 
being  crushed,  we  may  readily  ima^ne  that  a 
number  of  such  cubes — say  nine,  for  instance — 
would  bear  nine  times  the  weight  which  the  one 
bears;  andif  these  cubes  were  furenged  either 
inarow(Fig.  6S)  at  intervals,  or  dose  together, 
or  in  a  square,  they  should  still  all  together  bear 
nine  times  tho  weight  that  one  of  tham  con 
bear.  When  the  material  we  deal  vitb.  is  of 
nniform  consistency,  wo  are  therefore  warranted 
in  reckoning  that  its  strength  to  resist  com- 
pression, precisely  as  that  to  resist  tension,  is 
proptational  to  the  area  over  which  the  wan- 
pressive  force  is  spread.  Thus,  a  block  of  stone 
4  feet  long  and  3  feet  broad,  should  be  able  to  sustain  nz  times  the  compressing  force 
which  a  block  2  feet  long  and  1  foot  broad  can  sustain ;  because  1  x  3  =^  l^j  the  area 
of  the  one,  is  six  times  2  X  1  ^^  ^i  the  area  of  the  other. 

lut  if  we  endeavour  to  trace  the  practical  effect  of  crushing  any  material,  w8  «h«11 
it  difficult  to  establish  the  truth  of  ttus  simple  law,  without  making  great  ollow- 
anees  for  irregularities  in  the  con^tency  of  the  malarial  and  in  the  ^^cation  of  the 
compressive  force.  Soma  materials  of  a  soft  consistence,  such  as  day  or  lead,  on  being 
subjected  to  vertical  compression,  merely  spread  out  sideways.  Thus,  a  pieoe  of  lead 
compressed  hy  a  heavy  weight  bulges  in  width,  and  thickness,  to  the  fonn  marked  by 
tiie  dotted  lines  (Fig.  62).  Other  materials  of  a  fibrous  texture,  such  as  wood,  become 
splintered  by  compressiim,  owing  to  some  of  tlie  fibres  being  driven  ca  wedged  into  the 
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tiiteiBtic«8  bettreea  olhen,  and  tiiws  buratiiig  them  asunder.  Hud  and  brittb  mate- 
riali,  Bucli  Bi  cast-iron,  ^aaa,  stonsa,  ta  biicka,  are  livea  and  apliuteied  in  most  iiregular 
and  noexpected  wafi,  same  porticou  being  actuallj 
pnlTeiiied  in  the  jaooeae,  or  ciackii^  away  and 
oooauonallj  flying  off  irith  couaiderable  iorce  tram. 

Theae  results,  bowerer,  occur  when  ibe  com- 
pceaaive  strain  is  carried  beyond  That  tLe  material 
ia  capable  of  sustaining  without  diBiutegratifni ;  for 
alt  practical  puipoaea,  irhere  ve  make  the  strengtli 
more  tlian  adequate  to  meet  ttie  load,  we  may  Terj 
aafely  fbllov  the  aimple  lair,  and  reckon  the 
stKngdl  to  be  very  nearly  as  tbe  area  of  aeclian 
at  the  weakest  part.  This,  howerer,  only  holds  - 
good  when  yre  pay  no  regard  lo  the  height  of  ^-  ^^■ 

'Qie  masa  pnesed  uptm.  As  we  increase  ilie  height  we  moat  increase  the  strength, 
for  EeTcial  reasons,  which  we  ehsll  endeavour  to  illustiate.  Suppose  we  take  a  cylin- 
drical piece  of  cast-iron  Ofie  inch  in  diameter  and  six  inches  high,  uid  pUi^ing  it 
upright,  load  it  on  the  end  until  it  will  bear  no  more.  As  wo  place  nuoe  and  ta 
weight  upon  it,  the  partdclea  become  pressed  cloaer  and  closer  together,  and  tiie  m 
yields  or  aubsideg  a  little  in  tbe  direction  of  its  length.  After  being  compreesed  t> 
certain  extent,  the  partidea  cannot  get  into  closer  contact ;  but  some  of  them  m 
insinuate  or  wedge  themselTcs  into  the  interstices  between  others,  and  thus  the  In 
will  tend  to  bulge  sideways ;  or,  being  of  a.  bard  unpliable  consistency,  the  sides  i 
become  fractured,  and  burst  away.  The  mass  thus  weakened  will  finally  all  crumble 
under  the  pressure.  Kow  let  ua  take  a  cylindrical  piece  of  the  eame  material  and  of 
tbe  same  diameler;  bat,  instead  of  being  aa  inches  high,  let  it  be  merely  a  thin  disc 
one-eighth  or  one-sixteenth  of  an  inch  thick.  Here,  althou^  tJ 
pressed  npon  be  the  same  as  before,  yet  the  height  being  so  muofa  leas,  the  quoiImc  of 
particles  that  can  be  forced  to  one  ude  or  the  other  is  much  less,  <1 
stices  to  receive  pressed  particles  is  less,  the  amount  of  bulging 
is  diminished,  and  the  whole  resiirtanco  is  enormously  greater. 
Aa  aa  eiaciple  of  the  effect  of  increased  height  in  diminishing 
■tienglh  to  resist  vertical  pressure,  we  may  quote  aome  ex- 
periments made  on  piece*  of  oast-iron,  all  having  square  bases 
aquarter  of  an  inch  eachway,  and  various  heigbte;  whence 
it  qipears  that  aa  tbe  height  was  increaavdi  the  dnmgth  to 
resist  compression  was  diminished,  so  much  that  the  force  to 
crush  the  piece  |  inch  or  1  inch,  high  was  little  more  than  two-thirds  of  that  required 

Farther,  when  the  height  is  condderable,  as  in  the  case  of  columns,  s  sUght  want  of 
uniformity  in  the  material,  or  a  slight  want  of  equality  in  the  dlatribution  of  the  load, 
will  cause  one  aide  to  be  affected  more  than  the  other,  and  thus  produce  flexure  in  the 
case  of  pliable  materials,  such  as  wood  w  wrought-iron,  or  oblique  separation  i 
case  of  stone.  An  extreme  load  pressing  on  a  column  just  tottering  on  the  ver 
ruin  will  certainly  find  out  the  weakest  place,  and  there  begin  the  demoliticm;  and 
having  once  begun  it,  will  yery  rapidly  complete  it.  Thus  a  knot  in  a  wooden  post,  oi 
a  vdn  in  a  marble  pillar,  may  beocone  important  elamoita  in  dstsiiBiiiiiig  itm  mode  a 
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tlieir  frtotate,  and  the  smooiit  of  aontpttm-oa  tequind  to  effect  it  It  Kppean  from 
some  ezperimenta  mads  witli  wooden  c<d.uiiiiu,  thlit  vhen  the  liei^it  is  moie  thin 
eight  times  the  diameter,  theie  i<  conaideraible  liik  of  the  column  bending  under  »a 
exoesuTe  load.  With  timber  of  uniform  strength,  and  a  load  veU-balanced  upon  the 
Column,  when  its  height  does  not  exceed  this  proportioii,  the  wood  will  geuerall; 
splinter  mider  a  crushing  force.  In  columns  of  stone  or  biiokwoA  destined  to  sustsin 
a  heavy  load,  the  ratio  of  heij^t  to  diameter  may  be  increased  eoustderablr  abore  that 
of  eight  times,  without  the  danger  of  tbeir  breskiiig  hj  a  sloping  fracture.  In  such 
esses,  howerei,  the  eye  seems  instdnctiYely  to  judge  of  proportion,  for  a  very  tall 
slender  column  conveys  a  notion  of  instsbility,  and  is  conseqoently  wanting  in  that 
groBO  which  depend  mainly  on  the  fitness  of  the  object  for  the  work  it  has  to 
perform. 

Cast-iron  is  fonnd  to  be  capable  of  supporting  a  very  condderable  Tertical  load  with- 
out flexure  or  crushing ;  and  cohmms  of  this  msterial  an  therefore  witi  safety  made  of 
tall  and  slender  proportions.  Even  here,  however,  there  is  a  limit  beyond  which  the 
eye  becomes  dissatisfied ;  and  accordingly,  when  the  column  is  required  to  be  of  con- 
siderable height,  it  is  generally  made  of  greater  diameter,  the  inside  being  hollowed  oat 
to  save  weight  and  material,  without  sensibly  afiectdng  the  sizength.  Where,  from 
inequalities  of  the  load,  then  is  any  risk  of  unequal  pressure  on  the  summit  of  e,  cast- 
iron  column,  and  of  oonseqoent  tendency  to  bead,  the  material  used  in  constructiDg  the 
column  is  much  more  advantageously  applied  in  the  shell  of  a  hollow  column,  or  in  the 
ribs  of  one  the  section  of  which  is  a  cross,  than  in  one  solid.  We  only  advert  to  this 
aow,  aa  we  shall  have  an  opportunity  of  recuniog  to  it  when  we  discuss  the  question  of 

Stme  very  valuable  experiments  have  been  made  upon  the  crushing  of  boilding 
matcaials,  sudi  as  stones  and  bricks.  Thecompresdveforcesinmoet  of  them  have  been 
iqiplied  to  enbioal  pieces  of  1  inch  or  2  inches.  In  aome  where  the  pieces  had  a  square 
base  1  inch  broad  and  a  height  of  2  inches,  the  force  required  to  crush  has  been  found 
less  than  two-thirds  of  that  required  for  the  pieces  only  1  inch  in  height.  The  increase 
of  height,  dieretbre,  considersbly  diminishes  the  str^tgth  to  renst  compressive  force. 
In  connection  with  this  subjett  it  may  be  interesting  to  inquire  how  high  a  brick 
building  might  be  carried  without  becoming  crushed  by  its  own  weight.  We  may 
suppose  a  mssdve  brick  pier  or  column  divided  into  numerous  separate  ootumns  each 
I J  inch  square  in  section,  and  each  sappottod  along  ita  whole  height  by  those  around 
it,  againat  lateral  pressure  or  flexure.  The  lowest  part  of  eoch  of  those  columna 
wonld  thus  have  to  airport  the  verticsl  weight  of  all  the  column  above  it ;  and  if  that 
weight  exceeded  the  load  required  to  crush  a  brick  cube  of  1)  inch,  the  lowest  part  of 
the  column  would  of  course  give  way.  Now  it  has  been  fbtmd  by  experiment  that  the 
load  necesapry  to  crush  a  1}  inch  cube  of  brick,  varies  &om  1200  lbs.  up  to  3000 lbs., 
sccording  to  the  different  qualities  of  the  brick.  It  would  perhaps  be  safM  to  take  the 
lower  number,  1200  lbs.  The  weight  of  I  foot  of  brickwork  having  a  1}  inch  squaia 
base,  is  about  2  lbs. ;  therefore  it  would  require  a  height  of  600  feet  to  crush  the  base. 
An  architect  wishing  to  secure  the  permanence  of  his  building,  would  cratainly  not 
venture  to  i«ise  it  one-third  of  this  height  without  having  i«courae  to  the  ordinary 
expedient  of  spreading  the  base  or  foundation  by  extensive  fbotings,  so  as  to  diffuse  the 
craahiog  preasura  over  a  much  larger  surfiwe  of  material 

Table  T.  cantatas  the  average  results  of  experim^ti  mode  on  the  resistance  of 
various  materials  to  crushing  force.    We  would,  however,  caution  the  mechsnic  (gainst ' 
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placing  too  much  wJUaoe  ontiew  mults,  «  wo  think  tlio  nmnLcr  of  eiperimeaW 

Table  \ .—SeiUting  I'6il:tr  of  MattrMi  to  Cru^iag  Foret. 

XttmeofmaterM.                             Diniendon  of  cubicsl  plMt.       Crushinit  piwsure. 

EiiB liBch          .         .            1300  Ibfc 

AmericBn  pino 

1600  „     . 

Wliitedeal    . 

1900  „ 

Engliihoilc   . 
Africaooak 

I 

3S00  „ 
5000  „ 

Ctutlk    .        . 

l^inch 

1100  „ 

Soft  trick      . 

,, 

1200  „ 

Redbrick      . 

„ 

IMO  „ 

Hatd-bumt  brick 

3000  „ 

Fi.^-brick      . 

,, 

3800  „ 

8000  „ 

Portland  ttono 

,, 

10300  „ 

TorkpaTing 
WMte  maiblo 

" 

12800  „ 
13800  „ 

Cornish  gnnite 
Compact  limcstonG 
Feterhead  granito 
Purbeck  graoate  (re 
Hard  freeatooe 

red) 

A) 

I 

14300  „ 
17300  „ 
18800,, 
20800  „ 
Z1200  „ 

■RTiitfl  Italian  marble 

„ 

21800  „ 

Abordaen  granite  CWue) 
Caatlcad        .        . 

iiDol 

21»)0  „ 
480  „ 

Caat^ 

960  „ 

■Wrought  copper 
Cast  copper 
Vronghtiran 

Brass     .        . 

•;' 

6400  „ 
7800  „ 
8000  „ 
lOOOO  „ 

Cast  iron        . 

„ 

10000  „ 

3.  TnuwT«rB«  Stiain, — Tlie  effect  of  a  load  on  tbe  end  of  a  beam  projecting 
from  a  wall,  or  on  the  middle  of  a  beam  supported  at  both  ends,  is  to  throw  a  ti'anavene 
strain  on  the  beam ;  and  if  the  load  be  esceasire,  to  break  tho  beam  tmnsTonelj,  or 
aoroiB  its  fUxm.  Of  all  qneatioDS  reelecting  the  strength  of  matoiiila,  this  is  certainly 
the  msM,  important.  In  arcbitectural  structures,  the  stability  cf  roofs,  flo<as,  and  walls 
supported  on  beams  or  girders;  in  dvil  engineering,  the  safe^  of  girdtr-bridges  and 
rails;  in  meclunical  eogineeiiiig,  the  strength  of  beams,  leven,  &lumng,  and  tha 
like) — all  depend  mainly  upon  the  coneot  solution  of  questions  relating  to  tronayerse 
strain.  It  ia  to  this  branch  of  the  subject,  theiefore,  that  the  consideration  of  engineers 
has  boen  chiefly  directed ;  and  a  vast  number  of  ezperimenta  hare  been  made  with  a 
Tiew  to  ascertain  practical  data  &om  which  the  trattsrerse  Btt«ngth  of  all  useful  materials 
may  be  calculated. 

The  theoretical  investigation  of  transverse  alrain  is  hy  no  means  a  diiGcnlt  one ;  but 
the  qi]dicaiian  of  data  in  computatlan  inrolves  some  very  complicated  questions,  vhich 
the  practical  mechanic  gaieraUy  aolvcH  more  by  tho  eye,  as  he  sees  proporUons  in  his 
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dravii^  or  model,  than  by  any  Teiy  accnrate  calculation.  Such  a  mode  of  nteetilig  the 
diffionlty  implies  experience  and  obserration ;  and  vithont  these  ve  feu  do  amonnt  of 
dieoretical  biovLedge,  aad  no  e]q)«rtiieM  in  oalculatJon,  will  enable  one  to  decide  on  the 
Etrengtb  of  hii  structure.  In  machinery  especially,  tiie  etrune  to  which  parts  may  be 
•nbjeoted  are  so  Tarious  in  magnitude,  owing  to  their  rcspecliTe  raorements,  and  the 
local  qualities  of  materials  differ  so  greatly,  that  the  mere  calculated  strain  and  strmigth 
after  very  little  aid  in  guiding  to  the  most  suitable  proportionB.  "Wben  the  architect 
determines  on  the  dimeam<ma  of  an  iron  girder  destined  to  carry  &  heavy  wall,  he  can 
calculate  with  tolerable  precudon  the  weight  to  be  mpported  and  the  stiength  of  girder 
leqnired  to  carry  it  without  danger.  The  girder  is  placed,  the  wall  is  built,  and  twenty 
yeare  after  the  load  is  the  Bsme,  and  theatrengthof  the  girder  but  little  diminished. 

But  when  the  mechanic  makes  a  pattern  of  a  beam  for  A  ateam-engine,  elthoi^h 
he  may  readily  calculate  the  strain  which  the  preetoie  of  steam  on  the  piaton  throws 
upon  the  beam  while  the  engine  worhs  steadily,  he  has  little  notion  of  the  sudden 
though  tnmsient  strain  wbidi  may  be  thrown  npon  it  by  the  andden  atoppage  of  Moae 
part  of  the  machinery,  or  the  occurrence  of  same  alight  obataole  t»  the  movement.  It 
It  tmfreqaenlly  occurs  that  a  little  water  in  the  cylinder  of  a  steam-engine,  causes  the 
fracture  of  some  of  the  afroUgest  parts.  The  machinery  being  all  in  motion,  the  piston 
descenda  upon  a  tilm  of  water  which  has  no  ready  means  of  escape,  and  which  being 
almost  totally  incompreeaible,  oflera  as  determined  an  obatacle  aa  solid  inm  would  do. 
In  such  a  case,  the  momeiitum  of  all  the  moving  parts  must  be  suddenly  destroyed;  some 
of  the  beams,  rods,  or  levers,  through  which  the  piston  is  connected  with  the  rest  of  the 
engine,  must  give  way ;  or  the  cylinder  itself  which  holds  the  water,  must  yield  to  the 
strain,  aud  breai:  under  it  That  we  may  form  some  idea  of  what  damage  such  a  strain 
IS  we  have  deacribed  may  effect,  we  have  only  to  reckon  that  in  a  lai^  steam-engine 
hero  are  15  or  20  tons  of  iron,  moving  probably  at  an  average  velocity  of  100  feet  per 
ninnte,  to  be  suddenly  arrested.  In  destroying  the  momentum,  as  much  force  is  expended 
IS  would  be  measured  by  the  blow  of  a  6S  lb.  csouon-ballstrikingitamark  at  a  very  near 
range.  Kor  do  these  sudden  and  unexpected  strains  constitute  the  only  difficulty  under 
which  the  mechanic  labonta  when  he  computes  the  strength  of  his  wotk.  He  cannot 
always  depend  upon  the  intemal  soundness  of  the  material  with  which  he  deals.    Cast~ 

I  ia  especially  treacherous  in  this  respect ;  and  often  it  happens  that  a  casting,  atier- 
nslly  sound,  has  some  aponginoss  or  air-bubbles  under  the  skin,  which  are  discovered 
only  in  the  event  of  frsctnre.  It  is,  therefore,  his  business  not  only  to  contrive  devices 
for  regulating  the  movements  of  his  machinery,  snd  for  afibrding  relief  iu  cases  of  nnduc 
presaore,  and  to  use  every  precautiou  agaiDst  unsoundness  in  hie  materials ;  bnt  also  to 
provide  such  strength  as  shall  meet  the  contingencies  which  a  alight  dmuiganent 
may  freqneiilly  bring  about.    It  may  be  asked  then,  why,  if  the  mechanic  haa  to  apply 

b  excess  of  strength  to  meet  contingencies,  he  ^ould  take  any  trouble  in  calculating 
or  ascertaining  practical  data  from  -vhioh  ho  may  compute  P  The  answer  la  pbdn. 
While  ho  makes  every  part  strong  to  excess,  yet  he  has  to  maintain  a  proportionate 
strength  in  all.  To  make  one  part  of  a  beam  strong  enough  to  sustain  ten  times  its 
usual  strain  might  be  very  proper;  but  to  make  another  part  of  it  capable  of  sustaining 
twenty  times  ita  load  would  be  absurd,  fbr  then  either  the  ireaker  part  is  only  half  aa 
atroi^  as  it  should  be,  or  the  stroogcr  is  twice  as  strong  as  required.  The  meehanic, 
then,  must  have  a  cleat  conceptien  of  how  strains  affect  materials  of  different  forms,  and 
how  &r  the  change  of  one  dimendon  or  another  may  atfeet  the  strengUi,  befbro  he  can 

itnie  to  design  or  executeamachinejustlyproportioned in a]Iitsparta,andaufflcienQy 
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(trcmg  throughtrat  to  meet  the  oontmgenoie*  of  ita  ttotion,  irithoot  uitduB  vaste  of 
material  tutd  laboor  in  ita  coiiBlraction. 

The  most  umple  case  of  traneverBe  strain  is  tliat  fo  vliicli  it  twam  projectdng  from  ■ 
irall  is  subjected  vhen  a  weight  is  sospendcd  &om  its  outer  end.  It  ia  clear  tiiat  tlia 
longer  the  beam,  the  greator  the  sti'Biii ;  and  that  if  the  beam  give  y/»,j  anywhere,  ]>ro- 
euming  it  to  be  of  uniform  strength  throughout,  it  iriU  be  at  a  point  clow  to  the  wall 
where  it  is  fixed,  beeauEo  at  that  point  the  weight  acts  with  the  greatest  Icrerage.  On 
tracing  the  breaking  effect  of  the  weight,  we  see  that  in  bringing  the  end  of  the  beam 
down  to  the  position  mu'ked  by  the  dotted  lines,  somo  action  most  take  place  amc 
the  fibres  of  the  materiel  at  A  B,  where  the  weight  acts  with  greatest  power.    This 
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on  must  be  (hat  of  tcnaion  among  the  upper  fibres,  and  of  compressian  among  the 
lower  ones;  and  there  must  be  some  point  C  in  the  bciun  where  the  eitenuon  and  tlie 
compressian  of  the  fibres  meet,  and  where  there  ie  neither  of  these  actions.  Such  a 
point  marka  the  position  of  what  is  called  the  neutral  aiie ;  that  ia,  a  lino  oztending 
along  the  beam  horizontally,  and  separating  tliat  part  of  the  material  which  ia  extended 
ir  torn  asunder  from  that  part  whi^  is  compressed  or  aqueened  together.  It  is  mi  ' 
fcst  that,  once  the  fearing  asunder  of  the  fibres  commences,  it  must  continue  while  tiie 
)ad  continues  to  act,  because  the  number  of  fibres  resisting  it  are  diminished,  and  thoee 
bat  remain  have  therefore  more  load  to  bear. 

What  wo  have  to  discover,  however,  is  the  strength  of  the  beam  while  it  is  entire, 
r  how  much  load  W  at  a  certain  distance  from  the  'wall  it  will  bear  without  lh« 
destruction  of  the  fibres.  Supposing  a  horizontal  line  C  D  drawn  through  the  neutral 
J  to  form  the  long  arm  of  a  bent  lever  of  which  the  fulcrum  ia  C,  one  short  arm  C 
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and  the  otbv  C  B,  we  ItBre  a 
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in  poirar  or  veiglit  W  aeting  at  the  extremity  of  (be 
lu^  arm,  sod  a  number  of  tc- 
e  .        mEtancoa,  viz.  those  of  the  flbrea 

to  extffiuioi],  acting  along  the 
aim  C  A ;  alio  a  number  of  n 
■iatanoea,  viz.  thoM  of  the  iLbiea 
to  compreaman,  acting  along  the 
nmCB. 

Now,  when  on  one  arm  c 
lever  a  number  of  equal  fbroee, 
eqoaUf  diitributed  over  the  a 
act  againit  a  giren  weight  at 
other  end  of  the  lever,  the  ettect 
of  all  theae  fbrcoa  ii  Hie  same  a 
if  thej  were  all  collected  inti 
one  force  at  the  middle  pinst  of 
the  ann  on  which  they  act  (Fig. 
84).  This  is  true  whether  the 
lever  be  straight  as  1,  or  1 
with  one  aim  as  2,  or  bent  with 
two  arms  as  3.  As  a  numerical 
example,  let  us  suppose  that  the 
short  arm  of  1  is  4  feet  lol^, 
and  at  each  foot  tJiere  hang  4 
weights  A,  B,  C,  D,  each  of 
IDlbl.,  as  marked  by  the  uro 
while  the  length  of  the  other 
SnnUSfeet  Awcight  of  201bG. 
hung  to  the  longer  arm  balances 
the  four  weights  of  ID  lbs.  diitii- 
t1;.  S4.  butod  along  the  shorter,  became     { 

A  ^  10  lb».  at  1  foot  leverage  is  balanced  by  2  lbs.  at  5  ket  leverage. 
B  =  10  lbs.  at  2  feet  „  „  4  „  „ 

C  =  10Ibs.  at3fe^  „  „  6  „  „ 

D  =  10  Ibe.  at  4  feet  „  „  8  „  „ 

Total  A,  B,  C,  D  distributed  ...    20 
And  20  lb«.  at  6  feet  leverage  would  be  balanced  by  40  lbs.  at  2|  foet ;  that  is,  the  total    | 
of  the  4  weights  A,  B,  C,  T)  hung  at  their  middle  point,  as  marked  by  the  dotted  arrow.    , 
The  same  law  will  be  found  true,  whatever  the  number  of  equally-distributed  weights, 
and  whether  the  lever  bo  straight  or  bent.    Applying  this  to  the  question  of  tlie  beam 
Fig.  63,  let  E  be  the  middle  point  of  AC,  and  F  the  middle  of  BC;  then  the  loadW 
acUng  with  leverage  C  D  has  to  reaist  tie  united  tensive  etrength  of  the  fibres  along 
C  A  acting  at  the  leverage  C  E,  and  the  united  compressive  strength  of  those  along  C  B 
acting  with  the  leverage  C  K.  Those  resistances  will  necessarily  be  equal  to  one  another, 
because  the  neutral  axis  C  is  the  fulcniim,  on  each  ride  of  which  they  equalise  thcm- 
selvec ;  and  the  tensive  stioDgth  of  C  A,  multiplied  by  its  leverage  C  E,  is  theieiiirc 
equal  to  the  compressiTe  strength  of  G  B  multiplied  by  Qie  leverage  C  F  i  or,  as  C  J 
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ilonble  of  C  E,  and  C  B  double  of  C  F,  and  aa  doublca  of  equal  tliiiiga  are  tliemKlvei  equal, 
"  B  tenaJTO  Btrength  of  C  A  multiplied  by  tlie  length  C  A  ia  equal  to  the  compresaive 
ttreuglli  of  C  B  multiplied  by  the  length  C  B ;  and  each  of  those  products  ia  equal  to 
the  weight  W  multiplied  bj  its  leyerage  C  D,  the  length  of  the  beam,  becttuae  each  ia 
doable  of  half  the  effect  of  W  to  brcnk  the  beam. 

To  show  how  this  reaaoning  m&j  be  applied  numerically,  let  ui  suppoae  that  a  beua 
f  oak  1  inch  thick  »nd  8  inchoa  deep,  fiied  in  a  wall  so  aa  to  project  10  feel,  is  broken 
by  a  load  hong  at  the  end ;  imd  t^at  whUe  in  the  act  of  breaking  the  neatiikl  axis  ia 
observed  to  be  2  inehea  &am  the  under  side,  and  therefore  4  inches  &om  the  upper  side 

the  beam,  we  may,  from  knowing  the  tenaiTe  strength  of  oak,  eatimate  the  weight 
required  to  break  the  beam.  Taking  this  teoaiTe  force  per  square  inch  (or  foree  re 
.quired  to  tear  asunder  a  squftre  inch)  at  12,000  lbs,,  we  have  in  the  case  before  u 
4  square  inches  having  a  tensive  force  of  4  x  13,000  ^  48,000  lbs.  acting  with  leverage 
of  4  inches  against  leverage  of  10  feet  or  120  inches";  and  as  4  inches  is  the  ^Q-th  of 
120  inches,  the  weight  at  D  must  be  the  ^th  of  48,000,  viz.  1600  lbs. 

By  such  calculations  as  thia  we  could  compute  the  transverse  strength  of  materials, 
from  knowing  their  tensive  strength,  provided  we  knew  the  position  of  the  neutral  a: 
of  fracture.  The  determinatiou  of  this,  however,  is  n  point  of  very  great  difficulty ;  for 
it  must,  in  the  Erst  place,  depend  upon  tbe  relative  proportions  of  compressive  and  ten- 
'  '6  strength :  and  as  we  are  much  in  the  dark  aa  to  the  ibrmer,  wh  cannot  inatitute  a 
oompariaon  between  it  and  the  latter.  In  the  second  place,  no  material  to  which  we 
a  apply  transverse  strain  resists  completely,  and  then  instantaneously  gives  way.  While 
e  add  weight  after  weight,  the  extension  of  fibres  at  one  side  and  the  compression  of 
those  at  the  other  goes  on;  the  beam  benda  or  becomes  defieoted ;  greater  and  greater 
strain  is  thrown  oa  the  outer  fibres  ;  the  tensive  and  compressive  strength  of  each  varies 

t  is  more  and  more  extended  or  compressed ;  the  neutral  azia  changee  ita  poution ; 
fibres,  which  were  during  part  of  the  process  Gomprcssed,  begin  to  be  extended ;  and  the 
condition  of  tie  material  at  and  near  the  point  of  fracture  becomes  generally  so  altered 

t  approaches  destruction,  that  we  cannot  clearly  estimate  its  lesiatance,  even  if  wo 

■e  possessed  of  the  sioat  accurato  knowledge  of  its  strengtli  to  resist  oomprcsdon  or 
eitenaion.  Owing  to  th(ae  circuniBtancGs,  it  becomes  necessary  to  make  distinct  experi- 
ments on  the  tronaverse  atrength  of  bodies,  and  by  means  of  them  to  establish  oertain 
data  which  we  may  apply  in  calculation.  But  while  experiment  and  observation  fumisli 
the  data  or  facts  on  which  to  calculate,  we  must  still  trust  to  reaaoning  for  our  matt 
of  applying  these  &cts,  and  fortunately  the  reasoning  is  of  a  simple  character. 

As  to  liie  neutral  axis  of  fracture,  without  requiring  to  determine  its  position  in  any 
earn,  we  assume  that,  for  beams  of  the  same  material,  its  distance  from  tbe  upper  oi 
lower  sides  is  proportional  to  the  depth  of  the  beam.   Thus,  if  in  a  beam  of  ask  6  inches 
deep,  it  is  2  inches  from  tbe  lower  aide  and  4  inches  from  the  upper ;  In  a  beam  of  a: 
12  inches  deep  it  will  be  4  inches  from  the  lower  and  S  inches  from  llie  upper  side ; 

I  of  1  inch  deep,  it  will  be  ^rd  of  an  inch  from  the  lower  and  |rds  of  an  inch  frx)m 
the  upper ;  and  eo  on  in  regular  proportion.  "We  can  see  no  reason  why  this  should  not 
be  the  case ;  and,  so  far  as  we  can  bace  the  circumstances  which  determine  the  position 
of  the  neutral  axis,  we  see  every  reason  for  believing  that  it  is  so.  This  assumption 
greatly  simplifies  the  rest  of  our  ressoning ;  for  it  enablea  ua  to  get  rid  of  all  calculation 

o  the  actual  position  of  the  neutral  axis,  and  to  proceed  with  the  comparison  of 

ms  as  to  txanaverse  str«ugtli  independently  of  it.  We  will  suppose  that  we  have 
three  beams  of  the  same  material,  all  of  equal  lengths  and  breadths,  but  of  tbe  tbllowing 
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depllu:  A.  depth  2  indiee,  B  deptti  4  inchei,  C  deptii  6  incliea,  and  tiiat  w«  desire  to 
pnre  their  tTBoareiBe  Etrengths.  Let  ui  numne,  for  the  Bake  of  nmplidtj,  tlutt  llie 
Deubal  sxli  it  midway  in  the  depdi ;  liken  in  A  we  have  above  the  neutral  axis  a  set  of 
flbrei  extending  over  I  inch  in  depth,  and  acting  with  a  leverage  of  1  inch  ia  reaiat  H 
breaking  load.  In  B  we  have  fllmB  erteoding  over  2  inches,  and  therefore  double  the 
nomber  of  thoae  acting  in  A,  acting  with  2  inchea  leverage  doable  the  leverage  of 
those  in  A.  'We  see,  then,  that  tho  etiraigth  of  B  must  be  twice  %  that  is  4  timea  the 
strength  of  A.  Again,  in  C  we  have  3  indies  depth  of  ftbrei  and  a  levcMge  of  3  incbea ; 
therefbre  C  haa  a  slrenglh  of  3  times  3,  or  9  time*  that  of  A.  And  io  with  any  other 
depths,  the  strength  being  always  as  the  depth  multiplied  by  itself,  or  as  the  square  of 
the  depth.  If  we  had  assumed  flie  neutral  axis  to  be  in  any  other  position,  such  as  Jtd 
of  the  depth  from  the  lower  aide,  we  ihonld  atiU  have  (bond  the  asme  law  to  obtain;  fiir 
■0  long  as  the  beama  we  are  consideringareof  the  same  material  and  of  similar  form,  tl 
nantral  axis  must  proportionally  divido  their  depth,  and  leave  proportional  numbers  of 
Abiea  to  act  with  leverage  proportional  also  to  Uie  depth. 

We,  therefore,  have  estabUahed  the  simple  law,  that  In  beama  of  the  same  fbim, 
length,  breadth.  Mid  material,  the  transverse  strengths  are  aa  the  squares  of  the  depths; 
and  knowing  the  strength  of  a  beam  I  inch  deep,  we  can  estimate  the  strength  due  to 
any  other  depth  by  multiplying  that  of  the  1-inch  beam  twice  by  the  depth  of  the  other 
a  inchea ;  that  is,  by  the  square  of  the  depth. 

Examplt. — in  iron  beam  1  inch  deep  breaks  with  a  load  of  2  tons:  required  the  load 
that  will  break  a  similar  beam  4  inches  deep.  The  aquare  of  4  is  16,  and  2  X  1^  ^=  32 
tons,  or  2  tons  X  4  x  ^  =  32  tona. 

How,  let  US  ascertain  what  relation  the  tntnsvcise  Btrengthg  of  beama  bear  to  their 
breadths.  Suppose  that  a  beam  1  inch  broad  carried  a  load  of  I  ton,  then  another 
exactly  like  it  will  also  carry  1  ton,  a  third  will  also  carry  I  ton ;  and  the  three  pll 
side  by  aide  or  imitfid  into  one  beam  3  inchea  broad,  will  of  course  carry  3  tons.  Beams, 
then,  of  a  certain  material  of  equal  lengths  ssd  depths,  have  tninsvetw  strengths  which 
e  proportional  to  their  breadths ;  and  if  «re  known  the  strength  of  a  beam  I  inch 
broad,  we  compute  that  of  a  beam  having  any  other  breadth,  by  multiplying  the  ab^ngth 
ue  to  1  inch  of  breadth  by  the  number  of  inches  in  the  given  breadth. 
ExampU. — A  £r  beam  1  inch  broad  carries  10  cwt. :  required  the  load  carried  by  a 
fir  beam  6  inches  broad  of  like  length  and  depth.  10  cwt  X  6aa.  ^60  cwt,  or  3  tons. 
'VTe  may  now  combine  the  lawa  as  to  breadth  and  depth  into  one,  and  thus  compute 
le  transverse  strength  of  a  beam  as  depending  on  both  dimenuons.  This  law  is, 
that  the  transverse  strengths  of  beams  of  Uie  same  material  and  aimilar  in  fbrm,  ar 
the  breadths  multiplied  by  the  squares  of  their  depths ;  and  if  we  know  the  strength  of 
a  beam  1  inch  broad  and  1  inch  deep,  we  compute  the  strength  of  a  beam  having 
any  other  breadth  and  depth  b;  multiplying  fte  atrength  of  the  1-inch  beam  by  die 
breadth  in  inches,  and  twice  by  the  depth  in  inches  of  the  other. 

ExampU. — Suppose  a  beam  1  inch  broad  and  1  inch  deep  beais  S  cwt. :  required 
the  strength  of  a  beam  4  inches  broad  and  6  inches  deep. 

6cwt.  X  4  ins.  X  6  X  6=  720  cwt.  or  36  tons. 

The  strength  of  a  beam  is  irrespective  of  its  length ;  but  the  actual  weight  which  it 

sn  carry  depends  upon  the  length,  inasmuch  as  the  leverage  with  which  the  we' 

cts,  so  as  to  fracture  the  beam,  is  greater,  the  greater  (he  length.    A  weight  of  12 

hanging  at  the  end  of  a  beam  1  foot  long,  is  exactly  equivalent  to  a  weight  of  6  toe 

2  feet  distance,  of  4  tons  at  3  feet,  of  3  tons  at  4  feet,  of  2  tons  at  6  fbet,  of  1  ton  a 
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feei^  of  ^  ton  Ht  24  feet,  and  Bo  on, — the  wei^t  multiplied  by  its  distance  being  always 
a  constant  quantity.  If,  tlien,  ire  know  the  load  which  a  bean  1  foot  long  will  tfarj 
at  the  end,  we  estimate  the  weight  canied  at  an;  other  distanoe  by  diriding  tliat 
carried  at  I  foot  by  the  distance  in  feet ;  and  combining  this  element  with  those  ef 
breadth  and  depth,  we  have  the  general  rale  embracing  all  the  dimensions  of  a  beam,  to 
multiply  the  weight  canied  by  a  beam  1  inch  broad,  1  inch  deep,  and  I'fbot  long,  by  the 
breadth  in  inches,  and  twice  by  the  depth  in  inches,  and  diTide  tbe  product  by  tl 
length  in  feet. 

ExxmpU. — A  beam  1  inch  square  and  1  foot  long,  canie«  S  cwt.  at  its  end :  required 
[le  load  carried  by  a  beam  4  inches  broad,  0  inches  deep,  and  IB  feet  long. 
6  +  iili^l?  =  40  cwt  or  2  tons. 

So  far  we  haTe  discussed  the  strength  of  beams  of  square  or  rectangular  lectiona, 
hut  Bimilar  reasoning  will  apply  to  those  of  other  forme.  When  the  section  is  c~ 
'le  breadth  being  equal  to  the  depth,  we  have  to  nmltiply  the  strength  of  a  cylindrioal 
beam  1  inch  diameter  and  I  foot  long,  three  times  by  the  diameter  in  inches,  and  divide 
by  the  length  in  feet. 

ExampU. — A  cylindrical  beam  1  inch  diameter  and  I   ftiot  long,  bears  3 
required  the  load  supported  by  a  cylindrical  beam  *  inches  diameter  and  8  feet  loi 

■When  iho  section  U  of  any  other  form,  such  as  the  "|"  shaped  iron  prder  (Kg 

from  our  ignorance  as  to  the  position  of  the  neutral  axis  of         ^ 

fracture,  we  are  at  a  loss  how  to  reckon  the  effect  of  the  fibres  "* 
at  different  parts  of  the  section,  and  cannot  thcrefbre  estimate 
the  strength  from  any  data  obtained  by  experiments  upon 
beams  of  square  or  rectangular  section.  But  if  we  know  the 
strength  of  a  beam  of  certain  dimensions,  and  of  the  form  in 
question,  we  may  pretty  nearly  estimate  that  of  a  beam  of  the 

le  kind  whose  dimensions,  as  te  breadth  and  depth  respec- 
tively, are  proportionally  greater  or  less.  For  instance,  to 
compare  two  T  shaped  beams  of  which  the  dimensions  are 
IS  follow : — 

No.  1.— A  =  3  ins.,  B  =:  1  in.,  C  =  4  ins.,  D  =  I  in., 
length  10  feet,  is  found  to  bear  2  tons :  required  the  strength  -^--B--* 

ofNo.2,whereA  =  eins.,B  =  2in8.,C=6ins.,  D  =  ljin.,  ^■^■ 

length  IS  ieeX. 

Strength  of  No.  lis  as     i^i_^l><J  _  j.g 

Strength  ofNo.  2  U  as   l^^^JJUf  =  i4-4. 
And  by  the  nmple  [Troportion, 

Btrenirth  No.  1.       Btrensth  No.  I.       Toni,       TWb. 

4'8  14'4        : :      2    :      6,  load  carried  by  beam  No.  3. 

In  the  absence,  then,  of  sufficient  knowledge  of  the  effect  of  material  at  different 

parts  of  the  section  in  contributing  to  strength,  for  every  di%rent  fom  of  section  w( 

e  under  the  necessity  of  malting  such  eiperimenta  as  shall  fix  data  for  calculation,  tc 

he  applied  to  cases  \rhcre  the  section  is  similar,  but  the  dimensions  different.    A  nuinbei 
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of  inch  experimants  hare  been  bled  from  time  to  time,  and  attempt*  h>TO  been  made 
to  «ettle,  by  thoMVtiMl  leaitming  as  -well  u  bj  practical  results,  the  best  fonn  of  seotiaa 
to  be  used ;  that  is  to  uy,  tbe  foim  which  givei  the  grentest  ttreugtii  with  the  least 
pm^jTjjl  '^e  im  not  aware,  howerer,  that  foi  any  material,  the  subject  has  been  sc 
ftr  inveatiBtiltd  a«  to  wairant  us  in  lajiug  down  any  sbsolate  prt^ortioDs ;  and  the 
ibnn  of  seetiou  most  fherefoie  be  determined,  inagretttmeagiire,bybal»neing  a  number 
of  circumstances,  and  adopting  anoh  ammgements  as  shall  combine  the  results  meat 
adTantageoualy. 

In  a  recent  engineeiiiig  work,  a  trinmph  of  ikill  and  persercnnoe  orer  difficulties 
at  flnt  Bight  apparently  insurmountable — we  mean  the  Brilannia  Tubular  Bridge  across 
the  Henai  Stroita — an  enormous  amount  of  preliminary  investigation  was  conducted 
before  the  form  and  dimeosioui  of  the  atruoturo  were  finally  determined.  Models  w 
made  of  alt  conTenient  forms,  and  tested  against  each  other :  one  was  found  too  weal 
one  place,  another  too  weak  in  another  place.  Fresh  models  were  madej  with  the  weak 
parts  abengthened  by  additional  materials,  and  the  mass  of  material  in  strong  part*  re- 
moTed :  the  most  suitable  and  oonveoient  form  was  thus  decided.  A  mtich  larger  model 
was  made  and  tested  as  to  deflection  and  fnotuie  ;  and  after  a  large  compoiison  of  reaulta, 
the  actual  dimenaions  and  details  of  ooustmotion  of  the  full-aized  structure  were  deter- 
mioed,  and  eanied  oat  with  merited  socoess. 

Hitlierto  webaTerefbiredonlyto  the  circumstance  of  a  beam  piojecting  and  loaded 
at  one  end.  This,  however,  ii  by  no  mean*  tbe  most  ordinary  cmdition  under  wltich 
materials  are  exposed  tc  tranarerae  strain.  Beams  are  uaually  ot^pMrted  at  both  ends, 
and  cany  tlieir  load  in  tlie  middle.  Ve  have,  tlierefore,  now  to  ascertain  what  relation 
eziflabetweenthestrengtliof  sodiabeamaad  thatof  a  beam  projectiiig  and  badedat 
one  end.  If  we  suppose  a  beam  built  into  a  wall  and  projecting  equally  <m  both  sdec 
(Fig.  66),  each  end  being  loaded  with  an  equal  weight,  it  is  clear  that  the  wall  supports 
double  the  weight  sus- 
pended at  each  end. 
eiretho 

beam  inverted  or  turned 
upside  down,  we  eatab- 
liah  the  conditions  of  a 
beam  an^ited  at  both 
enda,  and  loaded  in  the 
middle  (Fig.  67)  with 
double  the  weight  which 
eadi  of  the  end  snpports 
has  to  bear.  Now,  i^ 
in  the  first  case,  whero 
Fig-  *e.  the  beam  projected  both 

ways  from  the  wall,  each  end  were  loaded  with  the  wei^t  capable  of  breaking  the 
beam,  that  is  up  to  ita  faansreise  strength ; .  in  the  second  case,  the  beam,  which 
is  twice  the  length  of  each  projecting  arm  of  the  flnt,  may  be  loaded  with  double 
the  weight  which  hung  from  each  end  of  the  first,  and  this  weight  will  measure  it 
transverse  strength.  We,  therefiwe,  come  (o  the  conclusion  that  tbe  tranayetsa  slrenglh 
ef  a  beam,  supported  at  both  ends  and  loaded  in  the  middle,  ia  double  that  of  a  beam 
half  the  length  at  one  end  and  loaded  at  the  other.    We  have  already  shown  that  if  wi 
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double  th«  lengtli  of  K  projeotiiig  beam,  ire  ( 
fere,  if  each  projecting  ram  of  the  hetra  we 
ported  at  both 
ends,  the  fbnner 
would  bera  on- 
ly oDe-lbDnb 
of  the  Toight 
which  the  latter 


n  lotdit  with  only  hilf  the  wei^;  theie- 
)  made  eqoal  in  length  to  the  belm  lup- 


i 


Fig  ft 


For 
equal    lengths, 
therefore,     the 
strength  of  the  ' 
beam  supported 

h  ends  end  loaded  in  the  middle,  u  jost  four  tunes  that  of  the  beam  Hied  at  ono 
end  and  loaded  at  the  other;  or,  converaelj',  the  etzength  of  the  beam  projecting  is  only 
[le-fouitb  of  that  of  the  beam  aupportod  at  both  ends.  iExpcrimcnta  upon  tronirenc 
strain  hare  been  generally  made  upon  beams  supported  on  both  ends ;  and  tables  of 
practical  data  foujided  en  these  eiperimenta  have  been  formed.  Such  tables  geneially 
contain  tho  transreree  Btreugth  of  beams,  having  square  and  also  circular  sections  ono 
inch  in  diameter,  and  having  a  length  of  one  foot  between  Ute  lupporta,  their  toad  being 
supposed  to  be  placed  in  the  middle  of  their  leugth.  When  the  load  is  placed  out  of 
the  nuddle  it  may  be  increased,  because  its  leverage  to  break  the  beam  is  dinuniahed  tho 
farther  it  is  fiom  the  middle  point. 

The  mode  of  reckoning  this  diminutaon  of  strain  may  be  best  illustiBted  by  an 

imple.     SuppoBi:  wo  found  that  a  beam  10  feet  long  boro  ^2  cwt.  at  it*  middle  point, 

and  desired  to  ascertain  how  much  it  would  bear  suspended  2  feet  from  the  middle — that 

, ^.„ y.„a-->    is,  7  feet  from  one  end  and  3  feet  from  the  other  (Fig. 

I  M  I       'I — WB  should  proceed  as  follows;— Square  half  tho 

^&  Y         A  ^'^S^  of  the  beam,  or  multiply  6  by  itself,  giving  26, 

I  aud  this  by  42  cwt.,  the  load  sustained  at  the  middle, 

I  product  1050 ;  now  multiply  7  by  3  (the  two  portions 

^'  ^-  into  which  the  beam  is  divided),  product  21 ,  and  divide 

the  fbrmer  product  1050  by  this,  f^ving  a  quotient  50  cwt.,  the  load  which  the  beam 


would  carry  2  feet  from  the 

The  simple  principle  of  this 
beam  is  to  the  load  which  may  be  hung 
from  any  other,  as  the  product  of  the 
two  lengths  into  which  the  second  point 
divides  the  beam  is  to  the  product  of  the 
two  lengths  into  which  the  first  point  di- 
vides it.  Thus,  in  the  case  we  havo  given 
above,  knowing  that  tho  beam  bean  42 

ivt.  at  the  middle,  or  when  it  is  divided 

ito  two  lengths  each  5  feet,  we  say 

:  X  3  =  21  -  5  X  5  =  26  ■ :  42  ;  50. 

It  frequently  happens  that  beams  havo 

to  bear  a  load  not  hung  at  any  one  point, 

!;  diatnbuted  uniformly  over  their  length ;  as  in  the 


is,  that  the  load  bong  &>m  any  point  of  a 


^. . . 

[ 
1 
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le  of  roofs,  floors,  and  girder- 
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bridgeo.  Here  it  mnj  be  readily  seen  thit  the  otraiii  ia  only  half  tbat  vhicli  it  would 
be  if  the  whole  load  were  collected  &t  the  middle.  If  v/e  mippoee  a  beam  pTojecting  8 
feet  from  a  wa]l,  loaded  at  inlerrala  of  a  fbot  by  weigbte  eaii  10  cwt.  [Fig.  69),  then, 
bj  the  principle  of  the  Urer,  the  eSaot  of  each  of  tlie  weights  to  break  the  beam  at  A 
maj  be  reckoned  as  followa ; — 

B  =  10  cwt  acting  at  1  foot  from  A  baa  the  eflfeot  of  10  cwt  at  1  foot  leverage. 
C  =  10        „        „       2  „  „  20      „      1  „ 

D=10        „        „        3  „  „  30      „      1  „ 

E=10        „        „       4  „  „  40      „      1  „ 

F  =  10        „        „       6  „  „  50      „       1  „ 

Total  50  cwt  diitribnted  equally.  150  cwt  at  I  foot  lersrage. 

Or,  aa  150  cwt.  at  1  fbot  leverage  are  equivalent  to  SOewt  at  3  fbet,  we  find  that  the 
total  strain  ii  the  same  aa  if  the  total  weight  were  collected  at  D,  the  middle  point 
Were  we  to  B«niae  a  greater  nuinber  of  weights  at  smaller  intervals,  we  ibould  still  find 
the  same  result;  and  the  more  nnmeroiu  the  we^htt  and  smAller  the  intervals  we  assume, 
ibe  more  neaily  do  we  approach  to  the  case  of  a  beam  uniformly  loaded  over  its  whole 
length ;  whence  we  cooclade  that  the  eSbct  of  the  distribated  load  is  the  same  as  if  it 
were  collected  at  the  middle  of  the  beam,  and  therefore  juM  half  of  what  it  would  be  if 
hung  at  the  end.  Or  conversely,  if  the  beam  bears  a  certain  load  at  its  extreme  end, 
it  will  bear  double  ^t 
weight  distributed  over  its 
whole  lengtt.  The  same 
law  applies  in  the  case  of 
a  beam  supported  at  both 
ends  and  loaded  uniformly 
throughout  it<  lengtb ;  the 
strain  of  the  load  is  re- 
duced  to  half  what  it  would 
be  if  ctJlected  at  the  cen- 
tre, or  flie  beam  will  bear 
twice  ox  much  distributed 
treight  as  it  can  bear  at  its 
middle  point 

When  a  beam  is  not 
merely  supported  at  each 
end,  but  fiied  firmly  there, 
its  strength  ia  increased  by 
oDc-half.  It  would  appeax 
at  first  sight,  that  by  fix- 
ing the  ends  of  a  beam  we 
should  double  its  strength, 
for  the  following  reasons : 
when  the  beam  is  merely 
support^  sn  extreme  load 
in  the  middle  has  only  to 
effect  one  fracture  at  A 
ben  the  ends  arc  fixed,  the 


C,. 


(Fig.  70),  the  two  ends  B  and  C  being  free  to  r 


EFFECT  OP  TENSioir  «KD  coxisxasios.  3S5 

load  has  not  only  to  bnok  (be  beam  at  the  middle  point  D,  liutslaoatEandF; 
do  tbis  it  most  be  double  vhat  it  irould  be  it  tbe  ^idi  were  ft«e,  m  iiui;r  be  Tery  nntply 
computed  thos.  Siq^oae,  in  the  flnt  case,  it  t«qtiired  12  cwt.lo  effect  the  mngle  frac- 
ture at  A,  tbrat  in  the  second  it  would  require  likewise  12  cwt.  in  the  middle  to  efitet 
the  fracture  at  D,  and  6  owt  in  the  middle  to  effect  each  of  the  fractuiea  at  E  and  F ; 
makiiig  a  total  of  24  owt.  in  the  case  of  the  beam  with  flied  ends. 

Many  writen  have  taken  thia  Tiew,  negUGtiiiK  a  circuniatanoe  wbich  must  in  suoh 
cases  occur,  and  which  fpxatlymodiflee  the  distribution  of  strain  on  the  middle  and  end. 
A  nugle  gjiance  at  tlie  Sgazo  shows  that  the  amount  of  tonuon  and  oou^reesiou  on  the 
filnes  at  the  middle  fracture  must  he  double  that  at  either  of  the  end  fritcturesj  and 
hence  each  half  of  the  weif^  teqiuMd  to  prodace  either  of  tlie  end  fractures,  or  tJ 
total  weight  due  to  the  middle  fracture,  must  be  4  timea  either  of  those  due  to  the  ei 

itutes.  If  tiien  we  s<qiposed  the  total  breakii^-wei^t  divided  into  6  equal  parts,  4 
of  those  parts  would  act  to  break  the  beam  in  the  middle,  and  2  to  break  it  at  the  endi. 
But  the  4  parts  required  to  e^t  the  middle  fcaeturo  must  make  up  the  breaking-wcdglit 
due  to  a  beam  merely  supported  without  being  fixed  at  the  ends ;  and  the  other  2  parts — 
that  is,  half  as  much  more — make  up  the  additional  weight  required  when  the  ends  kro 
fixed.  Taking  the  nnmerioil  example  as  before,  if  it  required  12  cwt.  to  efiect  the  single 
fractun  at  A,  it  would  require  aa  much  to  break  the  besm  at  D,  and  one-fourth,  oi 
'ireakit  at  eachof  thepointaEand  F,mBkinga  tolalof  IScwt.,  which  is  tlti 
12  and  6,  the  ordinary  breatlng-weight  increased  by  its  half. 

As  this  principle  of  computation  accords  better  with  experiment  iiiui  the  fc 
a  important  that  its  demonatration  should  be  clea^,  inasmnch  as  numeiuua  tbeotisis 
hsTe  adhered  to  the  principle,  that  by  fixii^  the  ends  of  a  beam  its  strength  ia  doubled. 
According  to  them,  the  circumatances  correspond  with  those  of  a  beam  (Fig.  71)  rt 
on  supports  A  and  B,  and  projecting  each  way  one  half  of  ita  length  be^md.    A.  load 

of  1  at  each  end,   A O B_ 

balanced   by   two   \~  j  1 

loads,   each   I,   in    -ir f  j ^ 

the  middle,  throws  •*■  ^  *  r  ^ 

a  breaking  strain  of  1  S  >'  j 

3  upon  the  beam  at  2 

each  prop ;  and  an  A  g 

additional  load  of 
2  in  the  middle  wilt 
taaure  the  break-  ' 

It  the  tfltal  mid- 
dle load  is  4,  or 
double  dte  ordinary 
breaking  strain.    This  is  no  douht  true,  because  if  wo  suppoae  the  fractnre  efiboted,  the 

lunt  of  ctanpression  and  extenaion  of  the  fibres  at  each  of  the  points  A,  C,  and  B 

the  aame  ;  and  therefbie  each  fracture  roquirra  the  same  load  to  effect  it.    But  in  the 

le  of  the  beam  with  ends  net  balanced  but  fixed,  as  we  have  already  explained,  the 

end  fractures  demand  only  half  the  amount  of  extraAiOD  and  comptMsion  due  to  i 

middle  fracture. 

When  a  load  acta  on  a  beam  not  perpeodionlariy  (B' square  to  itsloigth,  but  at  so 
n  angle,  it  throws  less  rirain  upon  it,  because  the  actual  lerarage  of  ^  wej^tisBot 


tlie  lei^fli  of  the  been 

meuoied  firom  A  to  C  pcrpendicnkii;  b 


snrcTfl  OF  trahstebse  suadt  oh'  JtESDixa  iutekials. 


A  to  B  (Fig.  73),  but  tlie  Um^  of  ■  lim 
the  voTttekl  lins  in  which  the  weif^t  acla. 
Bo  when  ti  beun  ia  nipported  at  both  eada, 
but  li«a  obUqaely,  the  trantrene  ■tzength  is 
to  be  leckoned  m  th*t  due  to  a.  becm  (^  the 
length  indicated  b;  the  horiEraital  Uue  D  E 
(Fig.  73)  Bieanu«d  betireen  the  mtpporiM. 

Hitherto,  for  the  aaka  of  tinqilicitjr,  we 
have  diacuaud  tlie  queition  of  Imiavene 
attain  ai  applied  to  materialg  perfectlj  in- 
flexible, tuch  aa  break  but  caimot  bend.  We 
have,  hovever,  no  pnotical  expetienoe  of 
materiola  of  this  chanoter,  althoogh  atones, 
alalo,  or  oven  (aut-iron,  appFoach  vny 
de  of  wrought-iroa,  bend  comiderablj  be&a« 


P1».I!. 
nearij  to  it.  Timber  boama,  and  tJiose  r 
they  become  ftaotnred 
bj  tnngvcna  attain; 
•nd  u  in  bdcH  beajnl 
deflection  from  tbeic 
Btraight  or  horiiontal 
condition  may  be  in- 
c<mTenient  and  nnauit- 
able,  it  beccnei  im- 


omount  of  deflection 
which  they  will  eihiUt 


that    they    be    made 

slightly  curved  in  the  n*  7S 

opposite  direction  before  the  load  la  placed  iqion  than     If  it  were  fomid,  for  initance,  that 

a  beam  loaded  with  B  certain  weight  deflected  to  far  from  the  straight  line  Oiat  ita 

middle  point  B  (Fig.  7i)  Bank  a  co-tam  durtance — tay  S  inohes — below  the  honaontal 

line ;  then  if  the  beam,  inatead  of  being  made  stnigbt,  were  made  Bomewhat  arched,  iv 

cambired,  as  it  is  technically  called,  the  load  being  placed  upon  it  would  Hill  deflect  it, 

and  thus  bring  ita  <u:riace  to  a  horizontal  line,  if  the  oiniber  or  amount  of  arching  C  D 

were  properly  estimated. 

The  complete  investigation  of  the  (Question  of  deflection  would  invtJve  xa  in  mathe- 
matical reasoning  of  rather  a  complex  character,  which  would  scarcely  be  ia  place  here ; 
and,  indeed,  practiisl  nMults  aa  to  deflection  present  ao  many  irr^ulaiitiea,  and  so 
many  deviations  from  any  appateitt  law,  that  it  is  queationablo  vhether  theory  wanld 
prove  a  very  safe  guide.  Bome  wiiten  on  this  anbjeot  have  determined  thooretically, 
that  the  amount  of  deflection  of  a  beam  of  certain  length  increases  in  the  aame  ptopor- 
Hon  as  the  load,  and  that  the  deflediim  under  a  certain  weight  varies  aa  the  square  of 
the  length.  If  tiiia  law  were  true,  a  beam  20  feet  long  with  a  certain  we^ht  on  it 
would  be  deflected  four  times  as  far  as  one  10  faet  long,  because  the  one  has  twice  the 
length  of  tlie  other,  and  the  square  of  2,  or  2  multiplied  into  itself  is  1.  This  law,  how- 
ever, has  not  by  aay  means  been  found  to  be  true  in  practice.  Uore  accurate  investi- 
gators have  fmTiiahed  a  law  which,  while  it  appears  to  be  theoretioally  correct,  presentd 


c;,»H>ic 


remlta  very  nearly  according  vitik  tlioae  of  eiperiaient.  Thblav  ii,  tiurt  the  deflectaca 
of  a  beun  (having  a  rectangiilar  sectiim)  raricE  directly  ai  the  veight  and  ■■  Qib  cuIm 
of  the  length  (or  ^  lengdi  multiplied  S  (imee  into  ita^,  and  invenely  ai  the  Imadth 
and  the  cube  of  the  depth.  ^..^^  ^_^ 


batten  I  inch  broad  and 
I  deep,  vith  a  load 
of  1  cwt.,  deflected  ^ih 
of  an  inch  in  a  length  of 
3  feet,  and  we  desired  to 
know  the  deflection  of  a 
fir  beam  3  inchei  broad, 
10  incbee  deep,  and  IS  feet 
long,  under  a  weight  of 

1  ton,  or  20  cwt  In  the 
case  of  the  batten,  which 
19  2  inches   deep,    lince 

2  X  2  X  2  =  8,  the  de- 
flection   ia    only    Jth   of 

would  be  were  the 
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depth  I  inch,  because  it  is  iuTenely  as  the  cube  of  the  depth.  The  deflection,  then,  of 
a  batten  1  inch  deep,  uoder  a  load  of  1  cwt.,  would  be  S  X  -^^^  inch,  the  length 
being  3  feet  Further,  the  cube  of  3,  ra  3  X  3  X  3,  ia  27 ;  and  were  die  batten  only 
I  footloDgiD«teadof3f^thedefiectiQn  wonldbe  iVth;  the  defloction  then  of  a  batten 
I  inch  broad,  1  inch  deep,  and  I  fbot  long,  would  be  ^rthof  Janinoh,  or-Aitliaf  an 
infill,  with  a  load  of  1  cwt  Having  tbua  got  an  estimate  for  a  beam  with  aU  Aa 
dinen«ions  reduced  to  unity,  we  can  apply  it  to  the  beam,  according  to  the  law  we  have 
staled.  Tliia  law  is  aiithmeticBlly  applied  by  multqilying  the  deflection  found  aborts 
itOi  of  an  inch,  by  the  weight  20  cwt,  by  the  cnbe  of  ^  length  IS  fbet  (or  3  times 
by  16  feet),  and  dividing  the  product  by  the  breadth  3  inches;  and  the  cnbe  of  the 
Athin.X  MX  IS  X  16  X  1S_  .,^     , 

3X10X10X10 -Attaofw 

learly  ^  an  Inch. 
Aa  to  the  defleodon  of  beams  of  varioua  tarntt  and  materiali,  and  tubjected  to 
struna  under  varioiu  conditdong,  although  numerous  eipedmenta  have  been  made,  yet 
they  have  been  aonducted  with  too  little  reference  to  each  other  fbrus  to  develop  any 
law  of  general  application.  In  Barlow's  Tt«atjee  on  the  Btrengih  of  Materials,  the 
qneatioa  of  t^  deflection  of  wrought-iron,  as  applied  in  the  cons&uotion  of  rails,  is 
treated  at  considerable  length ;  bat  the  conditions  of  strength  in  malleable  iron  must 
differ  very  considerably  from  those  in  other  matoials,  because  their  oompsratiTe 
tenrave  and  compresaive  atrengtha  differ  very  widely.  To  show  how  cantioua  we  ou^t 
to  be  in  applying  to  any  particular  material  the  results  deduced  from 
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oUitt  ""'tn*'*.  ve  BSf  "■■*-~'—  the  pecnluT  difienmoe  between  cttt  end  aiuughUinm 
mieiveat  of  teiiMTeauloanpnHiTGibieiigth.  TliediiecteobeBTeiliengtliof  wnm^t- 
iran  it  aboat  3  tinea  that  of 
■cctkn  in  cait  eboidd  be  about  3 
m  ttie  other  hand,  allhon^  it  may  be  tme  that  wruugfat-inm  will  iintain  mw^  greats 
tauftetdoa  tlum  cait-inai  b^fbiG  it  beconea  entiiElj  cnulied  and  diainlcgnted,  yet  the 
greater  eoflneaa  of  the  irraaglit-inni  pennits  it  ta  yield  onder  jiiiMiiii^  and  to  become 
eenpnaaad  to  a  """■''■"M''  extent )  while  cait-inm  acMzedj  jieUa  pnueplibly  onlil 
it  entitriy  ^vea  way. 

Now,  if  weapply  theae  eonaideratuHu  to  a  beam  inbiected  to  a  tzansrcne  atrain,  aa 
^loi  it  is  nqiported  at  both  end*  and  leaded  in  the  middle,  wa  ace  thai  at  (he  mi^lo 
of  the  beam,  joat  before  fractore  takea  place,  there  most  be  a  potion  of  the  — fa— i-i 
abore  the  neutral  azia  compreoaed,  and  a  portita  below  it  extended  by  tlie  actieo  of  the 
kMd.  If  Ate  leaiataDM  of  dw  material  to  eiteoaioa  and  to  caspreaaon  imder  thooe 
conditionB  be  equal,  flu  nential  axis  vonld  be  in  the  middk  at  the  beam ;  and  its 
reoatance  to  fractore  would  then  be  the  greatest  poamUe,  because  the  total  leTenge  of 
the  oomprened  and  extended  portions  on  each  side  of  it  would  be  greater  when  it  ia  in 
the  middle  than  wboi  it  is  elsewhere.  Bat  if  it  happened  that  tbe  material  was  more 
eamly  oompreased  than  eitendEd,  it  would  be  nearer  the  lower  side;  while  if  it  were 
more  eamly  fractured  by  eitengioB  than  comprenon,  it  would  be  nearer  the  iqiper  aide. 
Deairing,  howerer,  in  either  case  to  secure  the  advantage  of  having  it  in  the  middle, 
and  thneby  giving  both  the  compresaed  and  the  extended  prationi  the  greatest  poaaible 
lererage,  we  should  somewhat  alter  the  form  of  transrerae  aection,  so  as  to  tncteaae  tbe 
area  of  the  weaker  part,  or  add  to  it  some  fibres,  iliminiahing  the  area  of  the  stronger, 

and  upon  tbe  whtde 
A  C  e  D  notahttingthequan- 

titj  of  matctial  or 
total  area  of  section, 
but  only  modi^ing 
it  in  mch  a  way  as 
lo  bring  the  neutral 
axis  to  the  i&iddle  of 
thedepth.   Inarec- 


leable  iron  C  (Fig. 
**•  *■  75),  the  nmtral  axis 

is  bdow  the  middle  of  dte  depth,  beoaias  die  upper  portion  yidds  more  raadilj  t»  com- 
preaaion  than  &e  lowm  to  extenntm-  In  a  beam  of  cast-iron  B  tte  nenfial  axia  is 
above  the  middle,  becanae  the  upper  portion  reaists  oompreaaum  ncoe  than  the  lower 
teraata  exteodoL  To  bring  (he  neiOial  axis  to  the  middle  ia  bolli,  we  should  for  mal- 
leable inm  remove  pradons  of  ^li'-fc"""  &oin  the  lower  edge,  and  add  thcan  to  the 
iq^r,  as  in  A I  for  cast-inm  we  Bhonld  take  from  the  iq>per  and  add  to  tha^  lows',  as 
in  D.  We  thus  find  tliat  the  modificatian  of  form  requisite  for  increaang  the  trans- 
verse strengtb  of  East-iron  of  certain  depth,  without  adding  la  the  mass  of  materiBl,  is 
exactly  the  o|^ante  of  that  suited  to  malleable  iron.  The  usoal  scctiim  of  caat-iion 
girden,  supported  at  both  enda  aikd  loaded  in  the  middle,  is  the  inverted  T,  swelled  a 
httlo  at  the  iqtper  edge  (Fig.  76).  The  dimenmons  of  a  girder  <m£  foot  deep  are  nearly 
those  marked  in  the  diagtanu    This  may  not  be  preciacly  the  best  fonn  for  comhining 


aage,  or  ioDreisei 

li 


OonraiTADfss  nx  wiXKsajsxiiiBa  seams, 

the  greatest  Btrengtli  witli  economy  of  mntcriali,  but  it  approaches  it;  aai,  heeiAB*,  it 
poBgesaas  practioal  advantageB  wMch  deaarre  cotuudetation.  The  flange,  or  ioDreaaed 
width  at  the  lower  side,  not  only  affords  the  additional  strength 
required  there  in  order  to  meet  the  tensive  almin,  but  presents  a 
projectiDg  lodge  for  reoeiidDg  the  beams  or  arches  which  the  < 
girder  ma;  hftTe  lo  bear.  The  increswd  thickness  at  the  upper 
.  only  proridea  additional  material  to  re«ist  compressiTo 
strain  at  the  greatest  possible  distance  from  the  neutral  axis,  but 
serres  to  stiffen  the  girder  so  as  to  prevent  it  from  bending  or 
buckling  si4ewft<f«,  either  from  contraction  in  cooling  from  its 
n  state,  or  bom  eicessiTe  strain  in  its  place.  The  thick- 
if  the  metal  in  the  middle  part  and  in  the  lower  flange  is 
made  as  nearly  equal  as  possible,  because  it  is  found  praelicttlly 
I  castings,  unequal  thiokneases  of  metal 
ctiona  or  shrin^ga  in  the  metal  as  it 
coots,  and  thus  tend  to  distort  the  woA.  ; 

Tiie  beet  form  of  section  for  malleable-iron  rails  is  nearly  the      <- * -- * 

opposite  of  that  fijr  cast-iron  girdora,  aX°ot™'^fi"*d  (*'ig'77)-  Fig.  78. 

Aa,  however,  the  npper  part  of  the  rail  gets  worn  and  uneven  by  the  friction  of  tl 
traffic,  it  is  sometimes  thought  deairable  to  have  the 
opportunity  of  inverting  it,  and  thereby  wearing 
both  the  u^ier  and  lower  aide*  before  the  rait  is 
rejected  as  worn  out.  The  section  is  therefort 
tq^  eymmetncal  above  and  below,  a 
both  aides  (Fig.  7B). 

c  have  shown  above,  the  strength  of  any 
resist  tronat^rse  strain   increasra  very 
greatly  as  the  depth  is  increased.    It  is  therefort: 
of  great  importance  in  all  oases  of  transverse  straiii 
''•  ^' '''  to  give  OS  much  depth  aa  possible.    This  ia  often 

effected  not  by  increasing  the  total  depth  of  the  material,  and  thus  adding  greatly  to  it 
'eight,  but  by  introducing  ribs  or  flanges,  and  thug  dispeising  a  given  quantity  of 
laterial  in  a  better  form.  J^  for  instance,  we  bad  to  provide  a  square  cast-iron  plato 
of  sufficient  strength  to  resist  a  great  weight  pressing  on  its  middle  (Fig.  79),  while  it 
is  Bv^ported  on  two  piers 
at  tlie  sides ;  instead  of 
making  the  plate  of  aohd 
on,  sufBciently  thick  to  I 

istain   Iho    strain,  we  .  [ 

should    probably    make  I 

I   upper   part  a  thin  I 

flat  plato  (F%.  80);  and 

round  the  edges,  as  well  ^  jg 

as  across  the  diagonals, 

provide  projecting  ribe  of  the  greatest  depth  in  the  middle  (Fig.  SI) ;  and  thus  attain 
sufflcient  strength  and  sti&ess,  while  we  should  save  a  connderable  quantity  of  ma- 
terial. This  mode  of  attainii^  strength  is  particularly  useful  with  such  a  material 
as  cast-iron;  for  when  it  is  farmed  in  Uuckmaaaes,  the  coolingof  the  outer  crust,  while 


opposite  of  that  lOr  cast-iron  girdota, 
As,  however,  the  npper  part  of  the 

TI 
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.in.  fluid,  «ets  or  fixes  the  outside,  utd  the  nbaequest 
ee  B  spongineM  or  loosenm  of  texture  wfaieh  greatlr 


L  the  nqnired  ttieiigtli 
iritltaut  great  thioknm, 
aa  well  fbr  the  sake  of 

se<niriiig  (olidity  ud 
firmneas  of  mtteritJ,  a 
for  SToiding  ur-biU>blee 
and  flaws,  whidi  are  ap 
thin  casting*  do  not  take  si 
PLAN. 


Hj-SO. 


Flf.  SI. 


thick  castingg ;  and  vMch  if  they  do  occ 
1  the  strength,  or,  at  all  erenls,  are 
f  to  ^  visible  and  can  be  allowed  fbr. 
In  malleable-iron  bars,  when  they  are  requiied  fbr 
Hirengtb  and  itiAuixs,  &«  f  form  U  usually  cm- 
ployed.  In  plates,  corrugating  or  wiinlding  adds 
greatly  to  the  MaAicas,  because  it  prorides  deptii 
of  material  transTCTsely. 

The  question  of  how  to  dispose  material  in 
order  to  secure  the  greatest  strength  -with  the  least 
weight  and  cost,  ia  indeed  the  main  subject  of  me- 
chanioal  contrivance  as  to  form.  'We  have  alreadf 
imtonced  the  contrivance  of  the  Britannia  Tubular 
Bridge  as  an  example  of  skill  in  derice  going  hand-in-hand  with  experiment.  Were 
the  material  employed  ia  on%  of  the  great  tubes  of  this  bridge  aU  compressed  into  one 
solid  bar,  having  a  section  of  dimenatans  proportiimal  to  those  of  the  tube,  we  queatiou  if 
it  could  support  its  own  weight  without  breaking,  even  if  the  span  were  reduced  to  half 
that  of  tlie  tube ;  while  with  one-fourth  of  the  ^an  the  deflection,  from  its  own  weight, 
would  be  enormous  (Fig.  S2).  In  this  tube  the  material  is  dis- 
posed in  such  a  manner  as  to  attain  the  greatest  strength  with  the 
least  weight,  and  tlie  moat  suitable  form  for  He  purposes  of  the 
frafBe.  The  additional  material  reqaired  in  the  upper  part  of 
the  section  (as  in  the  case  of  other  wrought-iton  girdeis),  is  ar- 
ranged in  the  sidca  of  cells  or  subaidiaiy  tubes;  and  due  regard 
has  beea  paid  to  the  securing  of  lateral  stiffiiesa  ti 
pressure  of  atrong  winda  against  ita  immeuBe  side-tnir&ce,  as  well 
as  to  the  altainmunt  of  vertical  stifiness  to  resist  the  strain  and 
shake  of  a  heavy  paaaing  load.  In  some  other  cases  where  mal- 
leable-iron is  used  in  the  coostructioD  of  bridges,  a  girder  has  been 
Fig.  Si.  formed  of  plates.     The  upper  part  ia  a  tube  bent  over  to  an  arch- 

form  (Fig.  83),  and  the  lower  portion  a  fiaugo  or  ledge,  aa  wdl  for  atrength  as  for  re- 
ceiving the  ends  of  the  beams  that  carry  the  roadway ;  and  the  upper  and  lower  portions 
are  connected  by  a  longitadinal  fin,  with  several  transverse  riba  lor  stiflening  and  more 
firmly  connecting  the  whole  together.  This  ingenious  arrangement  of  parts  is  due, 
vre  believe,  to  Mr.  Brunei  the  engineer. 

Not  only,  however,  is  there  acopefiir  modification  of  form  of  the 
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as  to  secuFB  Btrength.  wil^  economy  of  material;  the  lon^tedinal,  Motiod  utd  pka  of  a 
muB  also  Busoeptibla  of  modifitatloDS. 
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In  the  cue  of  »  beam  projecting  from  a  wall  (Fig.  8i),  wilh  a  weight  Bunpendcd  at 
U>  extreme  ead,  the  straiii  is  greatest  at  A,  close  to  the  support,  and  diminiakeB  Co- 
vards  the  end,  because  the  leTcrage  with  which  the  weight  acts  to  fracturo  the  boom 
diminithci.  Thos,  at  C,  midway,  the  strain  is  only  half  that  at  A,  at  It 
it  is  Jths,  and  at  D  it  ia  jth.  I^  then,  tho  breadth  of  the  beam  bo  nni- 
fona  throughout  its  length,  ita  depth  may  he  with  aa&ty  diminished  to- 
warda  the  extremity.  As  the  strength  ia  proportioned  to  the  square  of 
the  depth,  the  depths  at  B  C  D  may  be  made  guch  that  their  squares  aro 
respeotiTely  J,  J,  and  j  of  the  aquaro  of  A.  This  may  be  done  by  remov- 
ing material  from  the  uppci  oi  lower  side  of  t^  beam,  so  as  to  givo  it  a 
cucved  outline  above  or  below;  aod  still  the  strength  of  the  beam  is  main- 
tained. The  curve  foe  such  a  beam  is  what  is  called  a  parabola,  tho 
peculiar  property  of  which  is,  that  a  square  of  the  length  of  each  of  the 
vertical  lines  or  onlinates  A,  E,  C,  D,  is  propOTtiuual  b)  its  distance  from 
the  apex  or  cxtcemity  &.  Lot  us  talcc,  as  aa  example,  a  beam  of  cast- 
icoa  projeotiDg  12  fe«i,  and  12  inches  dc^  at  A  by  3  inches  bioad.  The 
weight  of  fluiii  a  beam  of  uniform  depth  throughout  would  bo  about  12 
cwt.  But  by  tapering  it  off  as  we  have  indicated,  its  weight  would  be  reduced  to  8 
jrds  of  what  it  was.    Thus,  not  only  is  a  saviQg  effected  in  the  coat  of  tho  beam 


Is  own  weight  ia  on  important  part  of  tho  etmiu  at  A,  this  clenirnt  of  strain  is  cot 
udarably  diminiahed,  and  the  weight  hanging  from  the  ond  may  be  proportionally  ii 
creased.    The  depths  at  the  different  points  wnuld  br  as  follow ; — ■ 
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►93  aTK&ra  OH  BSAxa  sutposted  at  thb  isbb. 

At  A,  dose  to  the  support,  12  inoltea. 

„  B,ftluoftlieleiii;tli&om  A,  sbont  10},  beowiM  ICJiqiutiediBabaiiit  jduirflS 
«qiui«d.    10}  X  10}  =  IIDJ,  and  12  x  12  =  144,  |Ui  of  vliidi  i«  108. 

„  C,  I  die  lengtli,  or  6  feet  from  A,  about  8}  inclieg. 

„  S,  ith  the  imgik,  or  9  feet  from  A,  6  inches. 

If  tbo  depth  of  the  beam  cannot  conreiueiitly  be  varied,  the  breadth  may  be  dimi- 
niihed  at  a  diatanc* 
fiMm  the  prant  of 
anpport;  beoaoM  tiie 
Eb«ng;th  of  a  beam 
being  aa  ita  breaAJi, 
and  the  leverage  of  the 
-,  weight  being  leaaened 
ai  ve  reoede  from  the 
breaking- pmnt,  the 
breadth  may  be  lea- 
•ened  in  like  propiw- 


ILIMTION. 


PLAN. 

dopH  and  brradth 
also,  and  thus  main- 
tain a  Dmilar  MC&)n 
throughout  the  whole 
length;  tiiatia,  a  sec- 
tion of  like  flguro, 
Yig,  Si.  ^"^  (*f  varying  dinMia- 

Tn  Ibe  case  of  beuns  supported  at  both  ends,  and  loaded  in  the  middle  (Fig.  SS),  the 
Bomc  principle  is  applied ;  the  dimensions,  in  Toapoct  of  depth  and  breadth,  being  mode 
gToatmt  in  the  middle  and  diminished  gradaallr  towarda  the  ends.  This  economy  of  ma- 
terial is  easily  effected 
a  cast-iron  girders  by 
making  the  pattern 
from  which  the  castmg 
IS  moulded  of  the  re- 
quisito  fijrm.  Wben 
timber  beama  are  naed, 
tbe  increased  depth  to 

words  the  middle  is  attained  by  pilu^  several  beanie  on  one  another  (Fig  S6)  Aa  tbo- 
lower  side  of  a  beam  restmg  at  both  ends  is  subjected  to  a  tensive  atrain,  great  addi- 
tional transverse  strength  may  be  secoied  by  atraiuing  a  rod  or  chain  B  B  (Fig.  87)  from 
and  to  end  of  the  beam,  and  blocking  it  off  from  (he  lower  surface  by  means  of  one  or 

■0  wooden  or  iron  ebuts  A  or  C  C.  By  this  arrangemeot  the  wooden  beam,  when 
loaded  between  the  supports,  is  subjected  to  a  compressive  sixain  only,  the  whcde  of  the 
tensive  strain  being  thrown  upon  the  rod  or  chain. 

Again,  by  fixing  a  strut,  or  king-post,  C  (Fig.  8S),  upon  the  upper  ode  of  the  beam 
A  A,  and  connecting  it  by  pieces  B  B  to  the  ends,  the  compieasive  stmin  !s  thrown  on 
~  B  and  tJie  tensive  strain  only  on  A  A.    Indeed,  there  is  no  limit  to  the 
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bf  moani  of  which  tho  diroctioD  and  amount  of  the  atnini  can  be  Taxied  BO  u  to  econo- 
mise nuttecial  and  n 
uura  atabilit;  "^ 
have  only  inaianot 
~  w  u  example!  i 
ingemeut*,  a  con 
ptcte  account  of  which 
would  fill  many  to- 

The  table  of  tnui»- 
vena  strengtlu  gives 
the  load  which  may 

be  Mfely  placed  on  Uie  p.    „ 

m  iddle  of  beama  of  dif- 
forent  nuteriala  supported  at  both  ends.  The  table  applies  to  beanu  1  foot  long  hetween 
the  points  i^  aapport. 
The  weigbts  are  those 
for  beams  the 
verae  section  of  which 
in  the  middle  is  1  inch 
square,  or  1  inch  broad 
and  1  inch  deep ,  and 
these  apply 
'  beams  of  rectangular 
^■**-  section.    The  weights  ; 

beams  of  circular  section,  may  be  taken  at  two-thirds  of  those  for  square  si 
The  following  are  &e  rule*  for  oompnting  the  atreogthe  of  beama  of  various  dimcDBiona, 
OL-cording  to  the  data  furnished  by  the  table : — 

I.  For  beams  supported  at  both  ends  and  loaded  in  the  middle.     Given  the  length, 
breadth,  and  depth,  to  find  the  lead. 

Jtuii.— Multiply  the  number  in  the  table  by  the  breadth  pn  inches),  twico  by  the 
depth  (in  inchoa),  and  divide  by  the  length  (in  feet). 

Example  1. — Required  the  tranavcrao  strength  of  a  beam  of  teai  8  inches  broad, 
13  inches  deep,  and  H  feet  between  hearings. 

Number  from  table  opposite  teak        ....  270  lbs. 

Multiply  by  bniadth 8  ins. 

2160 
Multiply  by  depth 12  ins. 

25020 
Again  by  depth ■    .        .  12  ins. 

Divide  by  length 11^311040 

22217  lbs- 
Very  nearly  10  tons,  or  22,400  lbs. 

ExampU  2. — Bcqiiircd  the  transverse  strength  of  a  wroueht-iroa  bar  1 J  inch  broad, 
4  tiichca  deep,  and  fi  fwt  Ions- 
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1300  X  Ij  X  4  X  4  ^  52DO  lb.„  nearly  46|  cwt. 

For  bars  of  circular  BcotioB. 

Jiufe. — Multiply  the  number  in  the  table  three  titaea  by  the  diameter  (io  inches), 
divide  by  the  lengtli  (in  fcet),  acid  deduct  one-third  of  tbo  rtault  from  it»clf. 

SampU  3. — Bequiied  the  transTerse  atreugth  of  a  beech  roller,  2  iachet  diameter, 
and  4  feet  lena;. 

170  X  2  X  a  X  2  _  ^^^ 

Deduct  one-thiid    =113 

227  lbs.,  about  2  cwt. 
11.  When  the  beam  is  filed  doim  at  the  ends. 
Sufe.— Find  the  fltrength  as  betbrc  (I,),  and  add  to  it  its  half. 
Example  4. — -Bequired  the  Btrengtb  of  a  cast-iron  bar  2  inches  hroad,  6  inches  doep, 

9  feet  long,  fixed  at  both  ends. 

Add  one-half      3400        „        Ijton. 
10200        „       4itona. 
in.  When  the  heam  is  sn[^)ortcd  loosely  at  both  ends,  and  has  the  load  uniformly 
dietrlbutGd  over  its  lei^th. 

Jfafc. — Find  the  strength  as  before  (I.),  and  doable  it. 

Eiample  5, — Hequired  'Qie  strength  of  a  deal  rafter  3  inches  broad,  11  inches'dcep, 
.0  feet  long,  loaded  uniformly  throughout  its  length. 
130  X3  X  n  > 
lU 

IV.  When  the  beam  ia  fixed  at  both  ends,  and  has  a  load  uniformly  distributed  orcr 
(s  length. 

Jiufe. — Find  the  rtrangth  as  in  I.,  and  triple  it. 

Example  6.— Required  the  slrength  of  a  round  wrought-iroo  bar  2  inches  diameter, 

10  feet  long,  fixed  at  ends,  the  load  being  uniformly  distributed. 

iJ£i2<i>ll>l_'  =  io.o 

Deduct  one-third  =:    347 


-  X  2  =  9138  lb.,  aboitt4i  to 


693  X  3.=  2079  lbs. 
v.  When  the  beam  is  loaded  by  a  weight  not  in  the  middle, 
Eult.—Wati  the  strength  as  beforo  (I.),  multiply  twice  by  half  the  length,  and  divide 
by  the  length  of  each  part  into  which  the  beam  is  divided  by  the  point  of  ss^nsion. 
Example  7.— Required  tho  strength  of  on  ash  beam  6  inches  bn)ad,  S  inehes  deep, 
4  feet  long,  to  carry  a  weight  3  feet  fii>m  ouc  end.     Half  the  length  is  7  feet,  and  the 
ffo  parts  arc  11  and  3. 

250  X  6  X  8  X  8  ^    7X7  _  ^^^^^  ,j^^  ^^^^  ^^  ^^_ 
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190  X 


X  13 


:  11743  lbs.,  itrength  by  I. 


Dividab7  4=:104331b«. 
Theaa  casei  induda  moat  of  tho  circuinstancca  which  occor  in  praotiae.  The  oon- 
roiM  operationB  for  flndiog  the  dimeneioiu  of  a  beam  when  ire  knov  tha  veight  tt  haa 
a  bear,  do  not  Ornish  ua  vith  the  breadth  and  depth  aepantelj  (except  to  the  cue  of 
cjliodrioal  and  square  beams  vhca  tho  depth  and  broadUk  are  equal),  bat  gire  us  a 
result  which  is  t^e  product  of  tho  breadth  by  the  square  of  tho  depth.  We  most,  there- 
fore, be  guided  hy  other  circumataccea  id  Jetenuining  oac  of  these  diioensions ;  and 
having  dctomiinBil  tlie  one,  we  cnaily  And  the  other.  For  instance,  if  wo  wetB  required 
to  provide  ft  cast-iron  girder  of  rectangular  section,  such  that  when  placed  on  two 
walls  10  feet  apart  it  should  canj  a  load  of  2  tons  in  the  middle,  we  should  i^son 
thus : — By  the  table,  a  oast-iron  rectangular  beam  1  inch  broad  aad  1  inch  deep,  and 
I  foot  between  supports,  bears  SoO  lbs, ;  one  10  feet  bctweOQ  supports  must  be  made  ten 
fl  as  strong  to  bear  850  lbs. ;  and  to  boar  2  tons,  or  44S0  lbs,,  it  mmt  be  aboat  five 
and  a  quarter  times  as  strong,  because  4480  lbs.  b  about  five  and  a  quartertimM  SSOIbs. 
Tho  atrcngth,  then,  for  the  given  length  and  weight  must  be  S^  X  10  ^  SSI ;  or. 


V  CDirectly, 


10  X  44B0  _ 

SSO 


.  S2'7  Umee  that  of  a  beam  1  ineh  broad  and  1  inch  deep- 


But  as  the  Btrongth  is  as  tho  breadth  multiplied  by  the  square  of  the  depth,  the  number 
62'7  must  be  tho  product  of  tho  breailth  in  inches,  multiplied  by  tlie  square  of  the 
depth  or  twice  by  the  depth ;  and  if  we  determine  one  of  these 
easily  ascertain  tlie  other,  thus — 


IB  breadth,  then  depth, 

7i  in. 
e|in. 
4|in. 

ajin. 


because  nearly 

1  X  7i  X  7i  =1 627 
2x6iX6t  =  62-7 
3X4iX*J  =  52-7     * 
4  X  3iX  8S  =  fi2-r 
6X  3iX  3J=:fi27 


90  on,  the  one  dlmensiou  being  assumed  according  to  circnmstancea  of  < 
r  other  reasons.  When  it  is  dotenoined  that  the  sectioa  of  the  beam  shall  be 
square,  the  product  found  .as  above  is  the  cube  of  the  breadth  or  dopth,  or  it  is  the 
breadth  nmltiptied  3  times  by  itself;  and  therefbre  the  breadth  or  depth  is  found  by 
taking  the  Cuba  root  of  this  product.  In  the  case  given,  tho  cube  root  of  S2'7  is  about 
3^i  and  we  therefore  cooolude  that  if  the  beam  be  of  aquaro  section,  ita  breadth  or 
\  must  be  3}  inoheo,  because  SJ  X  3J  X  ^i  =  £27.  When  the  beam  is  cylin- 
dcioal,  tiie  diameter  is  also  determined.  Since  the  strength  of  a  cyltudriosi  beam  is 
about  I  of  a  square  one  of  the  same  material,  we  must  make  up  tho  other  ^  by  adding 

ts  dimetuions;  and  la  )  iaone-liairof  j,  we  taoA  add  to  tho  product  it^  half,  and 
then  take  the  oube  root  as  fbr  a  square  beam.  In  the  case  given, 'adding  to  527  its 
half,  or  26-33,  wo  have  79'05,  which  is  nearly  the  oube  of  i\ ;  and  wo  must  thorotoro 
make  the  diameter  of  a  cylindrical  beam  4  J  inches,  or  more  correctly  43  inches. 

Aaaproofof  theaooiineyof  ouTcalonlatiini,  we  hare  only  to  raverae  tho  operation, 
and  oalonlate  the  load  irtiioh  the  beam  of  the  dimensions  we  have  thus  determined  will 
bear.    If  the  result  corresponds  with  the  given  weight,  we  know  that  we  are  right 
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I  SULES  POS   CALCUIATHre  btxksoth  FKODUCT. 

In  the  example  ve  have  takes,  we  h*,\e  to  find  the  itemgth  of  a  cylindrioal 

beam  43  inchea  dtametw  and  10  leet  long.    Bj-  the  rale  far  ban  of  riroular  aaotioa, 

Deduct  1  =  2253 

490fi 
Neatly  2  tan^  or  44Sa  Ibl.,  the  load  vhich  the  beam  wu  intended  to  carry. 
The  faUowing  rulei  give  the  mode  of  calculating  the  itrenglh  prndiut  under  Tarioui 
ircnmrtancCT  of  itnin,  and  then  the  method  of  dealing  vith  the  itrtnglA  prtiuct  irhen 
the  form,  proportioni,  or  one  of  tlie  aectional  dimcnaiona  of  the  beam  ii  giren.    The 
uea  ore  numbered  in  the  wme  order  as  those  ia  the  calculation  of  the  load. 
I.  Beanu  luppotled  at  both  ends  and  loaded  in  the  middla :  given  the  length  and 
load  to  find  the  ttrmgtk  produet. 

Bull. — HulUplj  the  load  (in  lb«.)  by  tiie  leoglli  (in  feet),  and  divide  by  the  number 
in  the  table. 

Snanplt  9. — Bequired  the  »tn«gth  praditet  tat  a  beam  of  tealc  14  feet  between 
saiinga,  to  eairy  10  tona  in  the  middle. 

10  tons  =  22,400  lbs. 
22,400  X  14 
270 

S  ini.  broad  and  12  ins.  deep  would  suit  this  case,  beoauae  8  X  12  X  12  =  USl, 
nearly  1161. 

IL  When  the  beam  is  fixed  down  at  the  ends. 

StUt. — Find  the  strength  product  ai  in  I.,  and  deduct  from  it  its  }rd  part. 
ExampU  10.— A  cast-iron  bar.fixed  at  both  ends  9  (M  apart  haa  to  carry  10,200  Ibi. 
10,200  X  9  _  .n„ 
MO        - ""' 
Deduct  )=    3S 

72  ^  stnngth  product. 
2  in*,  broad  and  6  ina.  deep,  for  2  X  B  X  6  =  72. 
III.  When  the  beam  is  Loosely  supported,  and  the  load  uniformly  distributed. 
jBiifa. — Halve  die  strength  product. 
JBxampie  11. — A  ded  rafter  10  feet  long  is  loaded  uniformly  with  943B  Ibl. 

fl4SB  X  10  V  1  —  iRi 
130         Xi^363 

3  ins.  broad  and  11 1'lm.  deep,  for  3  X  11  X  U  =  303- 
rV.  When  the  beam  is  fixed  at  both  ends,  and  haa  the  load  nnifbnnly  diatributed. 
Bait. — Divide  the  strength  product  by  3. 

£iam^l2.— AwTought-ironbarlOfeetlong  fixed  at  enda  is  loaded  with  20S01b>. 
uniformly  distributed. 

,3m  y  3  =  5i.  the  strength  product 
If  the  bar  be  round,  we  must  increase  this  by  one-hali^  making  it  8;  andaf  8  ii  the 
cube  of  2,  or  2  X  2  X  2,  the  round  bar  must  be  2  ins.  diameter. 
V.  When  the  beam  is  loaded  not  in  the  middle. 
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SuU. — Unhiplf  th«  Mrangth  pndaatnuceaaiTdjbj  the  tvo  lengths  into  whicli  the 
raight  dmde*  the  beun,  anddinde  twice  by  h>lf  the  total  length. 
Etm^  13.— An  uh-beam  14  feet  ki^  has  10,I821ba.  luipended  from  it  S  teet 
from,  one  end  (mnaequently  11  feet  from,  the  other,  half  the  length  being  7  feet). 
10.182  X  U       11  X  3 

2fi0  ^   1  XT"**" 

6  ioches  broad  and  B  inchea  deep,  for  6  x  8  X  8  =  384. 
TI,  When  the  beam  a  fixed  at  one  end  aail  loaded  at  the  other. 
SmU. — Multiply  the  streiigth  product  by  4. 
EmanpU  ll.^An  Eogliib  oaJc  beam  projecta  10  foet  and  carries  10,433  Iba.  at 

13  ioehet  ■qnara^  for  13  x  13  X  13  =  2197. 
The  following  nilea  embody  the  methods  of  dealing  with  the  atrcngth  product  when 
mmd  asabore. 

1.  GiTen  the  depth  to  find  die  breadth. 

ZuU. — Divide  the  strength  product  twioo  by  the  depth  (in  inchoa),  the  quotient  ia 
he  breadth  (in  inches) . 

Example  16. — Beam  8  inches  deep  to  give  strength  product  72. 

-^^  =  2  inches,  the  breadth. 

2.  Given  the  breadth  to  find  the  deplh. 

.Bufo.— Divide  by  the  breadth  and  take  the  aqnare  root  of  the  quotdent 
Sxampla  16. — Beam  S  inchee  broad,  atmngth  product  llSl. 

?^-  =  146,  the  square  root  of  which  is  neariy  12,  for  12  X  12  =  1*4. 

3.  When  the  beam  is  aqnara  in  tectttm. 
Sitl*.—Teke  the  cube  root  of  the  strength  pt«dnet. 
Eaanplt  17. — 9qaara  beam,  sbength  product  2196. 

Caberootof2196  =  13neady,  forlS  X  IS  X  13  =  2197. 

4.  When  the  beam  is  cylindrical. 

Ball. — Increase  the  atrcogth  product  by  its  half  and  talra  the  cube  root. 
Example  18. — Cyliadtical  beiun,  atrangth  product  5i 
Addhalfof6i  =  2| 

B 
Cube  root  of  8  =  2. 
Forbeantsof  other  forma  than  thoae  which  have  square,  teetangnlar,  or  oonical  seo- 
ons,  we  cannot  fumiih  any  rule*  PiaotiiiBl  men,  frem  long  e^esienoa  and  bom  a 
habit  of  obaerviog  the  proportions  suitable  to  certain  strains,  can  form  a  tolenibly  accu- 
rate oonceptLon  of  Hie  strength  due  to  particnUr  fornu  under  various  eondiUans.  Be- 
fore any  meohanical  woA  ia  executed,  the  appearanoe  of  the  parta  on  the  draviog 
reoonuneodsitself  to  a  practised  eye,  or  otherwise,  according  as  ^  detaUa  are  studied 
onsonance  with  the  just  proportioiu  of  alxeugth  or  otherwise.  In  providing  not 
only  against  absolule  feictmre,  bat  also  against  deflection,  vibration,  and  bU  st>ch  el»- 
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ta  of  d^radstion  and  weakness,  tlie  Btreugth  moat  be  made  verj  much  ia  exees 

thai  vhich  the  mere  caloulstioD  of  breakiag-itrain  vould  indioate;  and  the  difi^rent 
Bwdoi  of  proridiog  adequate  flrmnoaa  and  permaDanoe  mthout  eztnTagant  ms  of  nu 
ra  of  ingenious  uontriranee  for  wbioh  no  rule  oould  be  fumi»h^. 

oris,  hjiixj  loo»e  at  both 


TabU  ef  tranntru  itftngiht  of  itnm',  I  foal  long  hetici 


eadi,  loaded  in  the  ni 


Oat(Afrienn)  . 


esoiu. 
no  „ 


Oak(Eneliih)    . 
Pitch  pine 
Tesk 

Iron  (cast) 
Iron  (vTOught)  . 


1300  „ 


I.  TOTilon. — A»  in  machinery  motion  is  genantlly  convojed  Ironi  ooe  piu:l 

anoti!u!T  by  mcimg  of  shafls  or  spiodlca  rotating  OQ  their  axes,  it  bocomes  a  matter  of 

considerable  importance  (u  dotermino  ths  atrcngth  of  materiala  to  rc^t  s  tniating  or 

irrenctiing  force.    If  ve  Euppuse  an  iron  shaft  fitted  vith  a  wheel  at  each  end,  one  of 

hii:his  driven  by  some  prime  movbr,  such  as  a  Btcam-cn^QQ,  and  the  otlker  conveys 

e  powor  or  motion  to  some  machinery,  it  ia  clear  that  tho  whole  power  so  conveyed 

IB  to  pass  through  tho  shaft ;  and  tho  resistance  of  the  machinery  at  the  one  end  to  the 

prime  force  applied  at  the  other,  Bubjects  the  shaft 

to  a  tDTsive  or  twiating  strain. 

That  we  may  simpliiy  the  view  which  v 
I  should  take  of  this  kind  of  strnin,  we  ahall  sap- 
'  poso  a  shaft  A  (Fig.  89)  fitted  with  a  wheel  a1 
each  end  Z  and  C,  round  the  circumference  of 
each  of  which,  in  opposite  dircotiouB,  a  i 
passes,  suspending  a  weight  W.  The  wheels  and 
weights  being  equal  are  balanoed,  and  the  shaft  is  notoansad  to  turn  in  eithardiieetion; 
but  both  woi^ta  tand  to  twist  the  shaft  in  itself.  If  instead  of  one  of  the  wDij^ta  W 
to  substitute  a  fixed  pin  or  hook  to  which  the  rope  might  be  attached,  the  rope 
would  etill  be  subjected  to  the  same  strain  aa  if  it  hod  the  weight  suspended  irota  it ; 
ba  wheel  with  a  force  precisely  equal  to  its  tanuon,  tJie  twist- 
ing eSbct  on  Qie  shaft  would  not  he  altered.  We  may,  therefore,  suppose  the  wheel  and 
weight  entirely  removed  from  one  end  of  the  shaft,  and  that  end  fixed  firmly  in  such  a 
nanner  that  it  cannot  tnm  or  revolve  on  its  axis,  while  it  is  throughout  its  whole  length 
subjected  to  a  twisting  strain  irom  the  action  of  the  weight  at  the  other  end.  Tho 
power  witii  which  this  weight  tends  to  twist  the  shaft  depends  both  on  its  magnitude 
'  !e  of  tho  wheel  round  which  its  r(q>e  passe*.  The  radiiii,  or  half-diameter, 
of  the  wheel  is  the  leverage  of  the  weight ;  and  by  incrcBBing  it  wa  inis«Me  the  torsive 
strain  in  like  jnopartion.  For  eoie  of  calculation  ve  will  suppooe  Qte  radius,  or  bllf- 
diameter,  of  Uie  wheel  to  be  1  foot;  and  if  we  oan  find  the  twsion  of  a  oectain  wel 
acting  at  a  redins  of  1  fiMt,  we  can  reckon  that  of  the  weight  at  any  other  radius ;  or 
having  found  the  weight  to  produce  a  certain  torsion  at  I  foot  radius,  we  con  easily 
rei^on  the  radins  at  which  the  same  weight  would  produoe  some  other  Mooont  of 


Thus,  by  donhling  or  trebling  tba  radius  we  double  or  treble  the  tc 


win;  by 
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doubling  or  treUinK  the  veight  we  bsve  to  place  it  at  rate-half  or  one-third  the  radial 
dietonce  from  the  eeittre  of  the  ihait,  id  origt  to  auhjeot  it  to  the  lame  tonlon ;  aod  so 
generally  in  simple  proportioa.  The  toreive  atroio,  therefore,  ii  aa  the  weight  multi' 
plied  by  its  radial  diatanoe.  One  ton  at  a  radial  diatanoe  of  3  f^t  ia  equivaJeat  to  3  tons 
at  a  radial  distance  of  1  foot,  becauae  1  ton  X  3  foet  :=  8  tons  X  1  foot 

We  have  now  to  inquire  what  efieot  the  dimenwoiu  of  the  ahafl,  or  the  quantity  of 
Mistnial  in.  it,  has  in  reaistii^a  certain  toraiie  Btrain;  how  iaxge  the  shaft  muat  be  to 
reaist  a  given  atiun,  or  what  strain  a  ihaft  of  glvrai  dimaneionB  can  reust.     The 
MpHea  to  these  qitestton*  nnit  depend  upan  the  form  of  secdon  and  the  nature  of 
the  material  employed ;  but  if  wv  can  aacertun,  by  direct  oipEriment,  the  toruTo 
■trength  of  a  aheft  of  certain  material,  form,  and  dlmcneiona,  we  must  endeavour 
to  And  a  principle  im  which  to  reohtm  the  strength  of  a  Bboil  of  tlie  same  form 
and  material,  but  of  different  dimenBona.    We  may  imagine  two  piates  of  metal  or 
other  mat«ial  pittoed  bee  to  fhce,  hanng  aoeh  correaponding  projections  and  hollows 
in  their  sorfkxs  that  the  projectiona  of  the  one  fit  into  the  hollows  of  the  other.    We 
may  suppoae  these  plates  pressed  together,  and  some  force  applied  at  their  edges,  so 
as  to  push  die  one  along  tlie  &oe  of  the  othra'.    It  is  manifest  t^t  the  force  for  this 
patpose  muat  depend  upon  the  amount  of  roughened  eurfaco  in  coutoot,  upon  the 
presBUre  aqoeeiing  the  plates  ti^ether,  and  the 
peculiarities  of  the  roughness  which  their  sur' 
&oea  present.    Instead  of  two  eepanle  plates 
put  artificially  together,  w«  may  conoeive  that 
at  any  place  where  a  solid  body  might  be  shorn 
across,  the  particles  of  the  body  or  the  grains  of 
which  it  is  composed  fit  into  the  intentieos  of 
each  other ;  and  the  two  parts  into  which  the 
body  may  be  divided  or  shorn  are  held  firmly 
together  by  the  cohesion  of  the  particles  orer 
the   whole   surface  where  the  division  takos 

place  (Fig.  90).  In  order  to  effect  a  separation  by  pressing  the  body  in  opposite  dine* 
tione,  aa  with  shears,  we  should  have  to  overcome  the  cohoaion,  and  the  resistance 
which  the  asperities  pre- 
sent to  the  slip  across  the 
■— .\^  1^^^  roughaurface  of  separation. 

neaive  attraction  and  the 

resistance  from  asperity, 
must  mainly  depend  upon 
the  peculiar  nature  of  the 
material  acted  on ;  but  the 

I  ^  relative  amount  of  Tesiat' 

^-^ ! . ■ '  nnce  which  two  pieces  of 

fOKM  11.  ..«»  m^frid  .f  dif- 
\— ""^  '  fcrent  dimeoflions  present, 
~  .. .«    depend  simply 


upon  the  number  of  par- 
ticles separated ;  that  is  to  say,  on  the  area  of  the  section  or  quantity  of  surfkco  sepa- 
rated.   Thus,  to  separate  crosswise  a  piece  of  iron  2  inckes  square,  we  should  expect  to 
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apply  four  lames  as  much  farce  u  would  be  raquired  to  lapaimte  ■  piece  of  the  u 
iron  1  inch  iquAre,  beMOM  the  pieoe  3  inchei  iqiuie  hu  m  ana,  of  Moliim,  or  a  mrlMX 
■eparation,  four  timea  as  great  M  the  piM«  1  iiu^tqiure.  But,flutber,  if  iren^KMetha 
■epantion  to  be  effected  by  means  of  a  shorn  (Fig,  91)  so  airuiged  that  the  3-inoh  pieos 
is  placed  twice  as  fJtr  &om  the  pirot  or  fulomm  of  the  lever  of  which  the  shears  fm 
the  arms  as  the  l-incb  piece,  we  <hould  have  to  apply  double  die  foroe  to  divide  the  2-iiich 
piece,  on  account  of  the  disadvantage  of  lereiKge ;  and,  on  the  whole,  intuehiicase  « 
should  require  eight  Umes  the  force  to  divide  the  2-iiioh  piece  that  we  require  for  the 

1-inchpisoe.     If  now,  instead  of  shearing  aoi 

a  square  bar,  wc  qiply  this  principle  to  the 

fracture  of  a  oylindrical  bar  or  shaft  by  totsion, 

the  eentra  of  the  shaft  become*  the  fulcrun  of 

the  lever  which  we  may  assume  to  be  one  1 

long;  and  each  paitioa  of  the  seotional  ares 

I     thii  shaft  neiats  aepanitiaii  with  a  force  propor- 

^    tional  to  its  area,  and  to  its  leverage  or  distanoe 

from  the  oeutre  G  (Fig.  Sli).     If  we  take  any 

■mall  tqoare  of  the  section,  such  aa  A,  and  ayif- 

pose  a  ring  traced  '""!"«'";  it^  it  is  clear  t~ 

of  every  part  of  that  ring  of  particka,  of  the  same  magnitnde  as  A,  oiei* 

it  has  Hxv  same  leverage,  or  is  equally  distant  from  the 


centre ;  and  that,  therefore,  the  total 
leverage  A  C.    But  if  the  ring  be  very 

its  area  is  neariy 
ference  multiplied  by  its  breadth,  and  iU 
oircamforenoe    is 
AC; 
therefine  its  re- 


resistancc  of  the  ring  is  as  id 


la  multiplied  by  its 


tlien,  the 
whole  circle  divided  into  n 
TOW  rings  of  eqnal  breadth,  the  n 
ance  of  the  whole   to   separa^on  by 

tornoQ  would  be  the  aum  of  the  roeiat-  Fig.  OT. 

oncei  of  all  tlie  rings,  the  redstanoe  of  eaoh  being  as  its  breadth  multiplied  by  the 
square  of  its  radius.  Now,  if  we  compare  a  dicle  of  one  radius  such  ae  12  ina,  with 
another  such  as  6  ins.,  dividing  each  radius  into  an  equal  number  of  parts  a 
tracing  the  rings  marking  them,  for  the  sake  of  distinctness,  by  large  and  smalt  letters 
respectively,  we  find  that  the  breadth  of  ring  A  is  double  that  of  a,  and  that  the  radiu, 
of  A  is  also  double  that  of  a  ;  therofore  the  resistance  of  A  to  tonion  is  2  X  S  X  ^  or 
8  times  that  of  A.  So  we  find  the  resistaoce  of  B  to  be  8  times  that  of  n,  and  so  on; 
therefore  the  resistance  of  the  whole  of  the  larger  circle  is  8  times  that  of  the  smaller. 
■Were  the  radioa  of  the  one  3  times  that  of  the  other,  wo  should  find,  by  a  like  process. 
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e  would  be3X3X3,or27  times ;  and  ganoraUy  tluit  tiio 
of  any  cylindrical  shaft  to  torsion  is  aa  die  cube  of  its  rodiiu,  or  of  it»  diameter  (tlw 
double  of  its  ndiiu). 

This  goieial  propoeition  is  almost  self-evident ;  for  if  ve  admit  tbat  tbe  rcaistaiioe 
of  any  pait  of  the  oireiilai  section  is  as  its  ai>ea  mnltJpHed  by  the  leverage  at  whidl  it 
'le  mnstanee  of  the  whole  circular  seotiou  most  ]ie  aa  its  area  mnltiplied  by  the 
)r  avenge  levBrage  of  all  its  pajta.  The  areas  of  cirolea  are  as  the  squares  of 
their  diameters,  and  in  every  circle  the  mean  leverage  is  proportional  to  the  diameter  i 
tberefbre  the  remstance  to  torsion  is  as  the  area  or  square  of  the  diameter  multiplied  by 
the  diameteiv-that  is  to  «fty,  u  tliecabeof  the  diameter. 

le  reasoning  we  liave  used  ielbimded  (m  the  assumpUonthatUwefiectof  exceauve 
1  is  to  divide  or  shear  a  diaft  across  at  some  plaoe  where  the  material  is  acci- 
dentally weaker  Uian  elsewhere.  Bnt  in  shafts  of  nnifonn  strength  threughout  their 
lengtii.  Mid  of  fibrooB  t«xtnre,  thu  ia  by  no  means  the  effect  of  destructive  lotaion.  In 
a  wroi^t-inm  sh^t,  for  instance,  the  fibres  are  made  ta  twist,  bo  that  in  some  cases 
the  oatar  snriisce  ^eamt*  the  Bcrew-fbrm  of  a  cord  or  rop&;  and  ultimately  they  sepa- 
rate and  praent  a  fracture  where  parts  seem  to  have  been  dragged  out  of  their  place  by 
this  twisting  action.  In  producing  such  a  twist  of  fibres  &ere  murt  be  a  cmuriderablo 
1,  particulariy  of  the  onter  fibres ;  for  it  is  longer  round  tlie  thread  of  a  acrew 
than  in  a  direct  line  frmn  one  end  of  a  bar  to  the  other;  and  the  greater  the  diameter  of 
the  thread,  or  the  futher  it  is  from  tbe  centre,  the  longer  is  its  course.  If,  then,  we 
eonfine  our  attention  to  any  set  of  fibres  nmilaily  situated,  in  two  bars  of  different  dia- 
rs  subjected  to  torsion,  we  see,  in  Hie  first  place,  Qiat  in  the  lai^er  bar  the  nnmber 
of  fibres  in  the  portion  of  the  leetioQtefNTed  to  is  greater  than  the  nomber  in  a  similar 
portion  of  the  smaller  bsr,  in  prc^iortian  as  the  aquare  of  the  one  diameter,  or  total  area 
of  the  larger,  exceeds  that  of  the  smaller.  Again,  in  the  larger  bar  tbe  leverage  of  the 
set  of  fibres  to  resist  the  screw  elongation,  or  tbe  amount  of  th^  elongation  which  they 
have  to  undergo,  exceeds  that  of  tlio  smaller  in  proportion  as  the  one  diameter  eioeeds 
tile  otiier.  Therefore,  apon  the  whole,  we  most  conclode,  as  before,  that  the  reaistlnce 
of  the  larger  to  toruon  ia  to  that  of  tiia  smaller  as  the  cube  of  the  one  diameter  is  to  that 
ftiie  other. 
The  same  principles  of  reasoning  apply  equally  to  other  dan  circular  forms  of  sec- 
tion. Tbe  tonive  Btrengtha  of  square  bars  follow  the  same  law;  and  those  of  a^y  other 
f<Hiiis,  provided  they  be  similar  or  have  all  their  cnrresponding  puts  proportional.  Ia 
comparing  bars  of  circular  with  those  of  square  section 
of  equal  diameter  (Fig.  94)  we  readily  see  that  the  tor- 
sive strengtii  of  tiie  square  must  ezoeed  the  othm,  not 
only  onaccountoftheaqnarehavingthelargeraRe^and 
therefore  the  greater  number  of  fibres  or  points  of  cohe- 
raon,  but  also  because  the  additional  area  is  situated  at 
places  fartJier  fromthc  centre,  and  thereforeresiBting  with 
e  leverage  than  any  parts  of  the  circular  section. 
On  the  other  bond,  we  observe  that  while  all  the  fibres 
of  the  circular  section  are  supported  against  being 
ibreed  aside  by  those  around  them,  the  fibres  in  the 
anj^  of  the  sqnare  section  are  not  *o  supported,  and 
may  be  expected  to  yield  more  readily  to  the  twisting  ^' 

force.    Upon  the  whole  it  has  been  found  that  the  ttmive  strei^^th  of  the  sqnue  section  i 
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about  oDe'fmirtii  graiei  tbut  thit  of  the  drcnlw.    As  the  dirtMiw  at  m 

esntie  contribntM  maob  to  iti  leutting  power,  it  luaj  be  tiinnttgeam 

of  the  material  of  •  shaft  from  tlu  inaide,  vhere  it  is  of  little  TBloe  to 

place  it  on  the  outside,  «ha«  it  acta  irith  greatlj  increaied  lererage. 

hollow  or  tubular  ihotts  preaent  the  advantage  of  economizing  material  end  lecDiiag 

ngth  with  ligfatneaa ;  for  eaoh  of  the  flbrea  in  the  ring  Motian  of  a  tube  haa  ao  amd 
greater  leverage  than  tbon  towardi  the  centre  of  a  shaft,  that  their  munW,  aad  oOMe> 
quenflf  the  sectional  area  of  the  riog,  may  hj  »»nii«iJn>«My  j;mini«h«^  irithmit  If  innning 
he  toraive  atrength. 

From  a  number  of  eiperimeuti  made  with  a  view  of  aaoertainittg  the  tonive  atrength 
of  different  maleriaU,  we  ore  enabled  to  compile  a  table  li«m  which  the  strength  ot  a 
shaft  of  ^veft  materials  and  dimensions  may  be  calculated ;  or,  convcnely,  tlw  dimett- 
sions  may  be  computed  of  a  ahaft  destined  to  soiUin  a  given  toraive  stnin.  The  table, 
coL  2,  gives  the  weight  in  pounds  placed  at  the  end  of  a  lever  1  foot  Itsig.whi^  a  cylin- 
drical shaft,  1  inch  in  diameter,  will  permanently  sustain  widiout  injury ;  and  the  M> 
lowing  rales  embody  the  metliods  of  computing  the  toniTe  strrngths  of  tHhtt  ahiJti, 
according  to  their  diameter. 

I.  Given  the  diameter  of  a  cylindtical  abaft  and  the  length  of  lerer  at  which  the 
twisting  weight  acts,  to  Snd  what  weight  it  wiU  pemanenfly  sustain. 

Ril', — 'Multiply  the  number  in  the  table  tht«e  times  by  the  diantetur  (in  inches},  and 
divide  by  the  length  of  lever  (in  feet). 

Example  1.— Hea'">«3  tl»  bI™"  t>i«*  <xa  be  applied  at  the  end  of  a  leva-  2  feet 
long  to  torn  a  caat-iron  ihoft  4  inches  in  diameter. 

330  X  *  X  4  X  4 

— g -    =:  10,S80  lbs.,  nearly  4J  ton*. 

Saam^  2.— A  rope  passes  round  a  pulley  3  (feft  in  diameter,  filed  to  a  gun-metal 
spindle  2^  inches  in  diameter  ;  required  the  widghC  that  may  be  attached  to  the  rope. 
Since  ^diameter  of  the  pulley  is  3  feet,  theleversgeof  the  woi(;ht  is  IJft ;  mul 

n.  When  the  shaft  has  a  square  section. 
£ufe.— Add  Jih  to  the  weight 

Siamplt  3.— Kcquired  the  weight  that  may  be  hung  to  a  lever  5  feet  long,  fiied  to 
a  WTought-inm  (English)  square  shaft  2  inches  broad. 

335X2  X2Xa^^3^^^_ 

Add  i  =  134  „ 

S70  lbs.  neariy  6  cwt 
III.  (Hven  the  weight  and  lever,  to  find  the  diameter  of  a  cylindrical  ehaft. 
Suit. — Multiply  the  weight  [in  lbs.)  by  the  length  of  Icvtr  (in  feet),  divide  by  the 

number  ia  the  table,  and  extract  the  cube  root  for  the  diameter  (in  inches). 

Example  4.— A  cast-steel  spindle  has  \a  withstand  tiie  torsion  of  5  tons  at  the  ond 

of aleverSfect long:  te^uirod its disjnet«T. 

e  tons  =  11,200  lbs.,  and-  "'^"° J^  ^  =  152  nearly. 


Tqj  cii\ie  root  of  162  is  about  6J  inches. 
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IV.  When  the  shaft  is  square. 

Sidt, — Mnltii^j  the  ireight  by  ihe  lerer,  divide  by  the  tabuhir  number,  dcdnc 
of  the  result,  md  extract  the  cube  root 

^MMfii;  S. — A  aqture  shaft  of  English  vrou^t-iron  bus  to  sustun  6  cwt  a 
end  of  a  lerer  6  feet  long :  required  the  breadth. 
6cwt.  =  672lbs.  X6 

33fi =1*' 

Deduct  ith=  2 


■h  diameter  ;  Keigltta  atiing  a\ 


\ot 


150  lbs. 


.     320  „ 


Steel  (blister) 


Steel  (ahear) 


34  lbs. 


a  ia  applied. 
:e  genernlly 


maleiial. 
Brass 

Gun-ioetal 

TrOD  (wrought,  English) 

Iron  (vTOught,  Svediah) 

Iron  (cast) 

The  table  and  rules  apply  only  to  cases  trhere  a  umple  regular  strain  'u 
When  shafts  or  spindlee  are  intended  to  convey  motion  to  machinery,  tbey  ai 
subjected  to  great  inegalaritiei  of  toiuvo  stmin;  and  though  they  may  only  convey 
upon  the  whole  a  certain  power,  yet  at  difibrent  periods  of  their  revolution  they  may  bo 
subjected  to  strains  ranging  from  nothing  up  to  many  times  the  average  si 
the  powe^  they  convey.  If  we  con^der  for  a  moment  the  conditions  under  which  the 
crank-shait  of  a  sleam-enginc  rotates,  we  shall  see  the  great  variation  of  strain  to  which 
it  ia  exposed.  At  two  points  of  each  revolution,  what  are  technically  called  the  dead- 
centree,  the  steam  power  has  do  effect  to  turn  the  shaft  round ;  hut,  on  the  contrary,  the 
momentum  stored  ap  in  the  fly-wheel  turns  the  shait,  and  through  it 
the  parts  of  Van  engine.  At  two  other  points,  when  the  connecting-rod  of  lie  engine  ia 
acting  in  the  most  &voarable  poution,  the  shalt  receives  a  torsive  strain  through  the 
crank  greater  than  the  total  pressure  of  the  ateam  on  the  piston ;  and  Xba  amount  of  ^s 
straitt  depends  on  the  total  Bteam-preasure  on  the  piston,  the  obliquity  of  the  connecting- 
rod,  and  the  length  of  the  crank.  But  all  machinery  is  besides  subject  to  accidental 
irregularities  of  strain.  For  instance,  in  the  engines  of  a  ateam-vessel  propelled  by 
paddle-wheeU,  sometimeB  in  a  heavy  sea,  while  the  engines  and  paddles  are  moving  at 
full  speed,  a  wave  strikes  one  paddle  and  suddenly  immerses  it  to  a  gt«at  depth  it 
water,  so  as  at  once  to  retard  its  rotation.  The  shock  thus  oommunicated  to  the  engine 
throogh  the  shaft  which  dtivca  the  paddle  is  enormous,  and  occauonally  more  than  IDO 
times  the  average  force  pasang  through  the  ahafL  It  is,  therefore,  essential  to  make 
nil  shafts  intended  to  communicate  power  of  much  greater  atrength  than  what  is  doc  tc 
the  mere  average  strain  passing  through  them.  The  power  that  is  communicated 
tbioDgh  any  shaft  il  generally  reckoned  in  horse-power ;  and  as  power  consiata  < 
elements — pressure  or  weight  moved,  and  the  velocity  or  speed  with  which  it  is  mi 
it  ia  necessary  to  ascertain  not  only  the  power  passing  through  a  certain  sliaft,  bi 
the  speed  with  which  tiiat  shaft  retotes,  or  the  number  of  revolutions  it  nuiki 
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given  time,  such  sa  a  minute,  befbrs  ve  con  compute  Qie  ttnia  to  wliiDh  : 
tad  tba  dimendous  of  vUcti  it  Khcmlil  be  nude.  The  more  quickly  a  ehaft  rotetee  in 
cammunicating  a  certain  power,  the  less  ia  the  toniTe  atrain  to  wluch  it  in  sahjected,  fbr 
power  is  prenaro  or  strvamnltiptied  by  Telocity;  andif  toproducs  acsrtainpowBrthe 
velocity  he  increased,  the  strain  must  be  proptntianally  dimiaiihed.  The  ahafta  of 
engines,  and  machinery  connected  with  them,  are  generally  made  of  wrouglit  or  cast- 
iron.  As  wrousM-iron  is  more  fleiiblo  and  tenacious  than  cart-iron,  it  is  less  subject  to 
fractoro  by  tndden  Tariations  of  strain,  and  is  therefore  prefenthle  to  caat-iron  far  shafts, 
«nd  may  be  made  considerably  lighter.  A^ain,  the  ibafts  iriiich  communioate  the  lirat 
effort  of  the  power  bom  the  steam-preasuro  to  the  fly-wheel  are  subjected  to  much 
greater  variations  of  strain  than  those  which  communicate  the  power  afterwards  from 
the  fly-wlieel  shaft  to  other  machinery.  It  !a,  therefore,  advisable  to  give  the  first 
shafts,  or  prime  movers  as  they  are  called,  greater  strength  than  ia  necessary  for  second 
movers.  Practical  men  generally  make  the  prime  movers  about  ttrice  as  strong  as  tho 
second  movers ;  and  the  followinj  rules  embody  the  modes  of  compntdng  dimennions  of 
shafts  for  conveying  given  power  ftt  pveo  velocity. 

1.  For  wrought-iron  prime  movers,  given  the  horse-power,  and  the  nnmbeF  of  revo- 
lutioDS  per  minute,  to  ascertain  the  diameter. 

Suit. — Divide  the  power  by  the  velocity,  extract  the  cube  root  of  the  qootient,  and 
multiply  by  T,  for  the  diameter  in  inches. 

£xampli  1. — Required  the  diameter  of  a  wrought-iron  prims-moviog  shaft  for  100 
bocse-power,  making  20  revolutions  per  minute. 

—.=5,  cube  root  1-7  inches,  and  7X  17  =  ll-9,  nearlyl2inchcB. 

2.  For  caatr-iron  prime  movara. 

Sail. — Divide  the  power  by  the  velocity,  and  take  7i  times  the  cube  r»ot  of  tho 
quotient. 

StampU  2. — Itequired  the  diameter  of  a  oast-iron  prime-moving  shaft  for  50  horse- 
power at  2S  Tevolntions  per  minute. 

BO     ■ 

^  =  2,  onto  root  1-26  X  Ti  =  9-45  or  9J  inohei. 

3.  For  wroi^ht-iion  second  movers. 

Sule. — Divide  power  by  velocity,  and  take  6i  timea  the  onbe  root  of  the  quotient. 
ExoK^h  3. — Required  the  diameter  of  a  wrought-iron  saeond  mover  fbr  40  horse- 
power at  15  revolutiona  per  minnte. 

-*g  =  2-6,  cobe  wot  1-4  X  6J  =  7-7  or  7i  inches. 

i.  For  caat-iron  second  movers. 

Sale. — Divide  power  by  velocity,  and  take  6  times  the  cube  root  of  the  quotient. 
Example  4. — Beqaired  the  diameter  of  a  caat-inm  second  mover  for  3D  horse-  power 
at  36  revolutions  per  minute. 

5g  =:  0-6,  onbe  root  0'87  X  8  =  fi-22  ot  SJ  inches. 

For  shafts  under  very  regular  strain,  and  distantly  connected  with  tho  prime  mover, 
the  multipliers  may  be  for  wrought-iron  5,  and  for  cast-iron  5i. 
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The  dimenuoiu  computed  hj  the  above  Tules  are  thoae  of  lite  -reakeat  part  of  the 
ibafts.  When  ahafCs  are  of  great  length,  or  have  gniat  weights,  such  as  fly-vbeete, 
and  the  like,  fixed  upon  them,  they  are  subject  to  the  defloution  due  to  tnuureiae  strain. 
This  deflection  in  a  revolving  shaft  is  en  important  element  of  weaknees,  for  it  continually 
changes  in  direction  ai  the  one  side  or  oilier  of  llie  shaft  is  uppermost,  and  thus  subjects 
the  material  to  all  tlie  degradation  of  alternate  strains  in  opposite  directdoos.  In  break- 
ing apiece  of  wire,  it  is  not  unusual  to  bead  it  backwards  and  forwards  until  ila  tenacity 
is  quite  destroyed.  The  same  kind  of  action  occurs  in  a  shaft  too  light  for  its  length,  or 
for  tha  weight  it  bears,  and  grodually  lessens  its  tenacity  and  deprivea  the  fibres  of  their 
continuous  teitutc.  For  such  cases  the  strengths  should  be  made  considerably  in  excess 
of  what  Ihey  aie  computed  to  b«.  In  this,  as  in  numerous  other  instances,  ezpericnco 
must  be  the  guide  of  the  practical  mechanic  in  the  absence  of  set  rules. 

5.  Clipping  or  Sheuring  Stxftla. — The  strain  which  a  body  undeigoee  when 
it  is  divided  aeross  by  means  of  shears,  or 
any  instrument  ctmsiiiting  of  two  blades 
that  pass  one  another  like  those  of  a  scissors 
or  iheam,  is  of  a  kind  very  distinct  A-om 
any  of  the  other  strains  which  we  have 
discussed.  Under  tensive  strain,  (he  fibres 
are  torn  asunder  by  a  force  iu  the  direction 
of  their  length ;  under  eomprcsEive  strain 
they  are  forced  out  of  their  place,  and  have 
their  lateral  cohesion  destroyed ;  under 
transverse  strain  they  are  subjected  partly 
to  compression  and  partly  to  extension ; 
under  toiuve  strain  they  are  extended  in  a 
screw  or  spiral  direction ;  but  under  the 
clipping  strain  llie  partidts  are  forced 
aeross  each  other,  as  we  have  described  in 
eadeavouring  to  inveatigate  torsive  Btroin  on 
the  principle  of  abearing. 

Besidus  actual  clipping  by  instruments 
for  the  purpose,  there  aio  various  circumstances  nnder  which  materials  may  be 
exposed  to  a  strain  of  a  similar  character.  In  punching  holes  in  a  plate  of  metal,  a 
similar  action  takes  place. 
The  punch  (Fig.  95)  is  a 
piece  of  steel,  the  end  of 
which  is  made  of  the  axu 
and  shape  of  the  hole  to 
I  be  punched,  the  edges 
being  keen  and  not 
rounded  ofi^;  the  matrix 
is  a  block  of  steel,  or  iron 
faced  with  steel,  having 
a  bole  such  as  is  to  be 
punched,  with  edges  also 
^^-  ^-  keen.      The    punch   and 

adjusted  that  the  former  shall  pass  exactly  into  the  latter;  and  n 


Fig.  »s. 
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^Btei>f  metal  being  placed  on  the  matrix  while  the  punch  is  op,  b*a  ft  hole  pierced  in  it 
bj  its  descent — the  piece  of  metal  being  punched  or  preaied  down  into  the  hole  of  the 
matrix.  When  the  edges  of  the  pnnoh  and  matrii  are  keen,  and  they  BConrtitdy 
fit  each  other,  the  metal  of  the  plate  is  ihom  cleanly  round  the  circumference  of  the 
hole ;  and  the  force  required  to  effect  the  operation  appears  to  be  the  lame  as  vould 
be  required  to  shear  a  plate  of  the  same  material  and  thichnegs  as  tliat  punched,  avei  a 
length  equal  to  that  of  the  circumference  of  the  bole. 

Another  exnnple  of  shearing  strain  occurring  in  practice,  is  that  to  which  the  pins 
uniting  the  limbs  of  a  chun  ere  subject  (Fig.  96).  If  the  joint  consist  of  single  limbs 
united  by  a  pin,  ■  strain  applied  to  the  limb  longitudinaU;  tends  to  shear  the  pin  across 
at  one  place. 

If  the  linka  be  double  and  single  alternately,  the  pin  is  exposed  to  be  shorn  at  two 
places ;  where  the  links  are  three  and  two  alternately,  tube  shearing  must  take  place  at 
four  places ;  and,  generally,  whatever  be  the  number  of  linka  embracing  each  other  at 
both  sides,  the  number  of  places  at  which  the  pin  must  be  shorn  is  double  tiie  smaller 
number  of  links.  We  naturally  conclude  that,  if  a  certain  power  be  required  to  shear 
a  pin  at  one  place,  it  would  require  double  the  force  to  shear  it  at  two,  triple  at  three, 
and  so  oo,  an  additional  force  being  required  for  each  additional  sepnraldon  of  the  sub- 
stance made.  Practically,  this  is  found  to  be  true.  Cairying  the  same  reasoning  to 
the  consideration  of  the  strains  required  for  shearing  pins  of  diSbrent  sizes,  we  conclude 
that  if  we  double  the  area  of  section— that  is,  the  sur&ce  where  the  separation  is 
effected  or  t^e  number  of  fibres  shorn — we  hare  to  double  the  force  necessary  to  shear 
it.  We  tlerefore  conclude  that  the  strcogth  to  reust  shearing,  or  the  force  required  to 
shear,  is  proporUonal  to  the  area  of  tJie  body  shorn  at  the  place  where  the  separation  is 
effected :  and  here,  also,  our  reasoning  is  borne  out  by  experiment.  A  pin  of  iron  2  ins. 
in  diameter  requires  4  times  the  force  to  shear  it  that  a  pin  I  in.  in  diameter  requires, 
becaose  (he  area  of  a  circle  2  ins.  is  i  times,  or  2  X  2  times,  the  ai«a  of  a  circle  1  in. 
in  diameter. 

It  is  not  uncMnmon  in  machinery  to  coi^le  two  rods  A.  and  B  in  the  manner  indi- 
cated in  Fig.  97.  The  ends  of  the  reds  being  turned  truly  cylindrical,  and  a  socket  C 
Iiored  to  &t  on  them,  the  ends  are  iiuerted  in  the  socket,  and  keys  D  and  G  am  diiven 
into  slits  cut  through  the  socket  and  the  rods.  On  a  great  longitudinal  strain  being 
npplied  to  the  rods,  so  as  to  pull  them  Out  of  the  socket,  fracture  may  occur  in  one  of 
the  following  ways  :^ 

1.  Either  of  the  rods,  or  the  socket  itself,  may  gire  way  under  the  effiwt  of  direct 
tension ;  and  if  so,  tbey  must  yield  at  the  weakest  place,  which  is  manifestly  where  the 
keys  pass  through  them,  part  of  their  sectional  area  being  occupied  by  the  keys,  which 
add  nothing  to  the  cohesive  strength. 

2.  Either  of  tlio  keys  may  be  shorn  across  at  the  two  places  where  tliey  leavo  the 
socket  and  enter  the  rods. 

3.  Either  of  the  rods  may  have  the  material  between  the  key  and  its  end  drawn  ont 
so  as  to  leave  an  opening  F,  the  material  forced  out  being  punched  ra  shorn  at  both 
aides  by  the  strain  on  the  key. 

4.  Either  end  of  the  eodiBt  may  have  tlie  Dnterial  at  G  drawn  out  in  a  aiioilar 
way. 

Now,  if  the  material  be  of  the  ssme  quality  throughout,  the  strength  to  resist 
fiacture  in  the  2nd,  3rd,  and  4th  ways  may  bo  equalized,  becaniso  they  are  all  shearing 
etraini  of  the  same  kind,  and  we  hare  only  to  make  the  several  areas  of  tiie  parts  that 
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u'ould  be  Bhom  all  ec|Uiil ;  (Imt  is  to  Bay,  the  Bectional  area  of  each  key  should  be  equal 
to  that  of  the  end  pi^t  F  of  each  rod,  because  the  sheaiing  would  sepnrafe  two  surfaeea 
in  eiUier  case ;  and  the  area  of  the  part 
G  of  the  Hocltet  oood  be  only  half  tiutt, 
becauee  four  auriacea  would  be  separated. 
But  we  have  aa  j'ot  eetablished  no  re- 
lation between  tbe  strength  to  resist 
tensive  strain  and  that  to  reaist  ehear- 
ing,  and  eaonot  therefore,  without  fur- 
ther luibnuatioii,  compute  the  propor- 
I ,  tioual  stcength  of  tlje 

effectlTe     transverae 
aectiona  of  the  rods 
and  socket  where  tlie 
.    keys    pass    through 
them.    The  truth  is, 
tiat  very  fow  eipe- 
rimcnta    have    been 
made       upon       the 
strength  of  ma- 
terials to  resist  a 
shearing  strain; 
suchaahftvebeeii 
made  with  mal- 
leable iron  seem 
to  show  that  it  is 
precisely  equal  te 
the  strength  to 
»esist  tension, 
and  we  believe 
that  with  other 
materials    this 
law    may    bo 
very  safely  ag- 
Bunied.  As  the 

i  tensive  strength  is  also  propmiional  to  the  arta  of  lectioD,  tbe  areas  to  resist  equal 
I  tensive  and  shearing  strains  should  be  equal.  Aecordingly,  we  should  make  the  tnuia- 
I  verse  sectiooa  of  the  rods  aud  socket  such  that  the  area  of  each  part,  on  either  side  of 
[  the  key,  shall  be  equal  to  tlie  transverse  section  of  the  key ;  for 
J  the  key  would  be  shorn  at  two  places,  and  the  rod  oi  socket 
I  would  bo  pulled  asunder  at  the  two  places  on  either  side  of  the 
I  key.  On  examining  tie  fignie,  it  will  at  once  suggest  itself  that 
the  keys  should  be  made  narrow  and  broad  (measuring  tho  breadth 
<  in  the  direcliou  of  the  roda  lengthways),  so  as  to  trench  as  little 
'■  ■  us  possible  upon  the  sectional  area  of  tho  socket  and  rods. 
Although  for  round  or  square  pins  or  bars  the  law  that  the 
I    strength  to  resist  shearing  is  very  nearly  the  same  aa  the  cohesive  ^' 

I    strength,  yet  there  is  little  doubt  that  by  increasing  tho  depth  of  a  bar  exposed 
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Bbom,  tie  breadth  bemg  diminished  ao  as  to  retm  tho  same  area,  the  strength  is  ma 
rially  increased.     If  we  placed  a  bar  of  iron,  having  2  ins.  X  1  in.  of  seotional  a' 
onder  a  ahcsring  strain  edgevajs,  it  vould  certainly  resist  more  than  "when  placed 
tidovays.  We  aro  not  aware,  however,  that  experiments  have  been  made  to  a  suiBcicnt 
eitent  to  irarrant  us  in  laying  down  any  law  as  lo  this. 

In  practice  no  material  error  will  arise  from  the  assumption  of  the  umple  law  w 
have  already  stated ;  aad  if  strengths  to  resist  shearing  be  calculated  according  to  it,  let 
the  meclianic,  as  far  as  ho  can,  contrive  to  bring  the  shearing  strain  against  tie  greatoat 
depth,  and  he  will  certainly  be  safe  against  fracture  from  thil  oauee. 

In  punching  a  hole  in  metal,  the  surface  of  the  aeparation  produced  is  the  circt 
ferencD  of  the  hole  multiplied  by  the  thickness  or  dfepth ;  and  tiie  reristing  force  should 
be  equivalent  to  the  tensiTe  strength  of  a  bar  of  the  same  material  having  a  sectionnl 

I  equal  to  the  surface  of  separation.  Thus,  in  estimating  the  force  required  to  punch 
a  circular  hole  1  inch  in  diameter  through  a  plate  of  malleable  iron  ^t^  of  an  inch  thick, 
e  should  recfeon  tho  circumference  of  a  circle  1  inch  in  diameter  is  3'lil6  inches; 
multiplying  hy  the  thickness,  Jthof  an  inch,  we  have  the  area  of  the  surface'of  separation, 
23362;  andlheroforo  tho  strength  to  resist  the  punching  is  that  of  a  bar  of  iron  having 
S  sectional  aroa  of  2'3962  square  inches  to  resist  fracture  by  tensive  strain.  The  weight 
required  to  tear  asunder  a  bar  of  iron  1  square  inch  in  sectional  area,  is  found  by  eiperi- 

it  to  be  about  26  tons ;  and  the  weight  to  tear'asunder  2-3562  square  inches  would 
therefore  bo  about  61  tons,  which  we  reckon  as  the  fbrce  required  for  punching  t^holo 
such  as  wo  have  described. 

The  subject  of  shearing  strain  is,  upon  the  whole,  somewhat  obscure.  The  eiperi- 
lents  have  been  few,  and  made  rather  with  a  view  to  the  solution  of  other  question; 
than  the  dctcrminatjon  of  a  law  as  to  this  strain.  We  would  therefore  caul^n  tho 
practical  man  against  placing  too  much  dependeocc  on  any  computations  made  in  respect 
of  it.  Where  he  is  in  doubt,  and  has  no  case  practically  earned  out  to  which  ho  n 
refer,  it  is  fkr  hotter  that  he  should  make  eiperimGUta  for  himself;  Or,  in  (he  absence  of 
data  which  he  might  deduce  from  them,  at  least  he  should  make  his  work  rather  ir 

!ss  of  strength  than  otherwise.  Great  ovils  may  often  result  from  the  eieoution  ol 
wort  where  the  dimensions  are  too  closely  approximated  to  the  results  cf  calculation  ai 
a  strains  and  strength.  These  evils  are  of  an  uneortain  character — they  may  occur 
unexpectedly,  under  circumstances  that  oj^fravate  the  mischiof  they  may  cause  ;  great 
expense  may  be  incnrrod,  limbs  may  bo  broken,  Ufe  may  be  endangered  or  destroyed, 
d  all  because  material  has  been  grudgingly  employed  or  disproportionaUy  applied. 
But  when  strength  is  given  in  eicesa  to  any  structure  intended  to  be  permanent,  the 
first  evil,  that  of  additioHal  coat,  is  the  only  one — it  is  known  as  to  smonnt,  ia  under- 
gone, and  appears  not  again — and  the  artificer  has  the  satisfaction  of  thinking  that  if 
difficulties  or  dangers  ariao  during  the  use  of  the  work  he  has  contrived  and  formed,  it 
must  be  fojm  adrcntifiaus  causes  for  which  he  cannot  be  held  blameahlo. 

Indeed,  the  whole  subject  of  strength  of  materials  is  in  an  unsatisfactory  state. 
Every  new  experiment  made,  every  new  work  completed,  adds  somewhat  to  our  prac- 
tical knowledge  in  this  dopartraent  of  mechanics.  But  so  long  as  the  materials  we  use 
vary  in  quality,  are  wanting  in  uniformity,  and  are  subject  to  the  changes  which 

sture,  temperature,  and  other  circumstances  im^se  upon  them,  so  long  must  we 

Bin  incapable  of  estimating  correctly  thoir  ahongths  for  any  particular  purposes,  and 

)ng  must  we  be  prepared  to  make  Large  allowances  for  all  anoh  variations  and  for 

^ingencies  which  do  not  always  readily  suggest  themsclvos. 
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SOimCES  OF  MECHANICAL  POW^E. 
The  principal  sourcea  of  power  may  be  classed  undei  four  heads. 

1.  Muscular  power  of  moii  and  animals. 

2.  Natural  movemeiita  of  air  and  water. 

3.  Weight  and  clastieity  of  bodies. 

1.  Heat,  electricity,  m^inetiam,  and  chemical  action. 

I.  Mmcalar  Pawet  of  Man  and  Anlmria. — It  is  not  our  pcoTince  to  discuss 
the  mode  ia  which  the  muscles  of  men  and  animalg  ai«  put  in  action.  Thia  is  a 
question  which  belongs  to  the  pliysiobgist.     Suffice  it  to  say,  that  the  mechanism  of 

ud.  structure  is  of  that  most  perliict  kind,  wliich  eharacterizea  all  the  woits  of  Him 
who  deaignAd  and  executed  it.  Tbe  simple  eSbrt  of  tciU,  or  whatever  that  partioulm 
n^ntal  faculty  be  called,  appears  to  commuoicate  itaelf  throngh  the  nerves  which  per- 
vade the  whole  animal  frame  like  a  network  of  electric  vires,  and  to  operate 
immediately  on  the  muscular  tissue.  The  muscles,  so  far  as  we  understand  tlioir  natore, 
appear  to  have  no  innate  force  of  their  own,  but  are  merely  orgLinized  instramenta 

in  action  by  the  nervous  influence  transmitted  to  them  by  the  nerves,  just  as  tho 
indoi  of  an  electric-telegraph  ia  parfeetly  inert  until  it  is  deflected  one  way  Or  other  by 
tho  subtile  niagnetie  influence  trausmitled  to  it  tirough  the  electric- wire.  Notwith- 
standing tho  immensQ  variety  of  movomeati  of  which  the  different  parts  of  the  animal 

to  are  capable,  the  action  of  the  moscles  which  effect  those  movemeata  is  of  one 
kind  only — contraction  in  length,  accompaiued  by  eipanaion  in  diameter. 

The  eyes  ace  caused  to  rotat*  in  their  aookcts,  and  their  focus  as  optical  instruments 
is  varied;  the  lips,  the  tongue,  the  throat,' and  the  jaws  are  moved  so  as  to  give  voice  to 
Dkusicat  noiaa  and  articulate  language;  the  shoulders,  arms,  wrists,  hands,  and  fingers 

put  in  motion  so  as  to  enable  man  to  lift  heavy  weights,  or  to  manipulate  witlt 

iummate  delicacy ;  the  back,  body,  tho  legs  and  feet  are  moved  so  that  man  may 

k,  run  or  leap,  row,  or  perform  feats  of  stroaglh  and  agility.    And  yet  every  one  of 


»  motions  is  affected  by  the  longitudinal  contraclious  of  muscles  under  the  neiroul 
influence  of  volition.  The  fiame-vork  of  this  cxquisito  machinery  is  the  skeleton,  con- 
sisting of  numerous  bones  joined  together.  The  form,  length,  strength,  and  situation 
of  every  bone  have  been  devised  with  most  minute  care  to  suit  their  particular  objects. 
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Each  bono  plaji  the  pari  of  ■  beam,  and  hai  attBchod  to  it  s  tendoa  or  strong  coid  nenr 
joint  or  fulcrum.  This  tendon  ia  the  end  or  continuatioQ  of  n  liundle  of  fleshy  flbres, 
which  eonatitute  a  muscle,  Bsed  at  the  opposite  end  to  lome  other  part  of  lie  frame- 
work ;  and  aa  fheae  flbres  oontmet  in  length  under  the  nOTTouS  influence,  the  tendon  oi 
cord  ia  pulled,  and  the  bone  or  lever  eauacd  to  move  Toand  ite  joint  or  fulcruoi. 

We  may  suppose  A  B  (Fig.  99)  to  represent  a  flzed  bar,  having  a  joint  at  B  fitted 
with  a  lever  B  C,  from  the  extremity  of  whicb  a  wei^t  ia  Bospended ;  and  D  E  a  cor ' 
filed  at  D  to  the  bar  A  B,  and  at  E  to  the  lever  B  C.    By  shortening  the  cord  D  E  wo     ■ 
cause  the  lever  to  tarn  about  its  fulcrum  B,  b)  some  such  posilioa  aa  that  ntarhcd  by  the 


dotted  lines  E'  C'.  So  in  the  humun  arm  (Fig.  100),  the  upper  bone  is  the  bar  jointed 
t  the  elbow ;  the  radius  buna  terminates  by  the  hand,  in  which  a  weight  may  bu  ] 
placed ;  the  cord  is  the  bicepa  muscle,  flied  at  the  upper  end,  and  terminating  at  the 
lower  end  in  a  tendon,  which  is  fiied  to  the  radius.  The  longitudinal  oontractioii 
of  this  muscle  pulls  the  tendon,  and  thus  causes  the  radius  to  turn  upon  the  elboir- 
joint,  and  raise  the  weight  at  its  eitremity. 

Besides  tbe  direct  movement  of  the  hones  fts  levera,  such  as  we  have  deacribod, 
tbere  ore  numerous  modified  motions,  aide  ways  or  rotatory,  which  are  all  clfected  by  the 
^ntraction  of  muscles  spEHiially  arrangiid  for  their  respcetiye  purposes-  For  instance, 
n  order  to  turn  the  hand  upside  down,  it  is  necessary  to  make  the  ann  rotate  or  turn 
ipan  its  aiis.  This  is  effected  by  muscles  placed  spirally  round  the  bones  of  the  arm. 
3y  dimiiiisbing  the  length  of  one  of  these,  the  boues  are  caused  to  twist  round.  And 
o  for  every  movement  of  every  part  of  tbe  frame,  a  special  muscle  is  provided  so  aa  to 
eSect  tbe  rcq^uired  motion  by  simple  contraction. 

The  force  or  contracting  energy  of  some  of  these  muscles  is  enormous,  as  may  readily 
)0  believed,  when  it  is  remembered  that  they  are  attached  to  the  abort  end  of  a  losing 
ever,  and  yet  are  capable  of  suataiamg  great  weights  at  tbe  extreme  end,  where  the 
weight  acts  with  immense  leverage . 

Some  of  the  muscles  are  net  placed  eiclnsiyely  under  the  control  of  the  will,  but  act 
regularly  without  any  effort  of  volition.  Such  are  the  muscles  which  effect  the  act 
of  the  heart  and  organs  of  respiration.  Same  muscles,  again,  seem  to  be  put  in  act 
by  an  effort  of  will  of  which  we  are  not  conscious.  Such  are  tboae  of  the  eye  to  direc:t 
and  focus  it,  and  those  of  tbe  tongue,  mouth,  and  throat  in  speaking.  Althongh  we  wi. 
to  speak  or  articulate  certain  sounds,  we  never  think  of  the  particular  muscles  that  w 
must  put  in  action  in  order  to  effect  the  articulation  desired.     So  in  walking  and  other 
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tftiva*  wbioh  Imv«  beomne  bmiliu  by  habit,  no  thoimht  is  given  to  tlie  ^«oial  nna- 
Gukr  iDOYOnixMa  lequiied.  It  aeenu  to  be  aaough  to  will  to  valk,  and  the  mnsolea 
obeT>  It  ii  only  when  &tigne  and  eilumalion  rander  theii  exeroise  painful,  that  we 
l»Tfl  to  employ  ipeoiaL  acta  of  volitim.  in  oid^  to  efi^  onr  purpose. 

In  making  use  of  muaoular  power  a*  a  moving  torce,  it  i»  important  to.  oall  into 
iserciBO  thoae  muaclea  vhioh  roquin  the  leaM  effort  of  will  for  iheii  mOTement,  and  to 
np^j  them  in  the  way  least  calculated  to  fotigue.  The  ^nimala  chiefly  employed — the 
bom,  the  ox,  and  the  oamel — cuf  only  beiuedin  pRTticuIar  ways,  aa  for  beaiing  and 
dnggiilg  tooda.  The  hone  and  the  ox  an  best  adapted  fiir  dragging,  as  neither  of  them 
i«  capable  of  sustaining  great  weight*.  The  ot^uel,  on  the  other  hand,  moves  with 
flunlity  nadec  s  very  oonsidwable  load  idaoed  upon  its  back.  The  ebphant  is  en^Iojed 
in  tropical  ooontries  both  Ibi  carrying  and  dragging,  and  appears  to  have  enormous 
strength  tot  either  purpose.  Whaa  hiimau  power  ia  omployed  it  may  be  oserciBed  in 
various  waye.  The  iteration  in  whioh  msm  saems  capable  of  exerting  the  greateat 
power  fitr  the  longest  period  is  that  of  rowing.  In  moving  the  oar  against  the  resist- 
ance of  the  water,  almost  every  miucle  of  the  body  is  called  into  operation.  The  spine, 
bent  forwards  in  the  badc-otroke,  is  thrown  bock  as  the  puU  ia  taken,  the  shouldora  and 
anna  are  also  thrown  back,  the  legs  are  stifiened  against  the  foot-board,  and  thtu 
immense  power  is  applied  to  the  oar  without  oicessirfdy  straining  any  one  or  two  par- 
ticular musdM.  In  excavating  earth  oc  clay,  conveying  loads  up  steep  inclinations  by 
a  wheelbarrow,  and  generally  in  the  operationa  for  whioh  navigatMs  are  employed,  a 
large  amount  of  power  ia  develiqied.  Tlie  mnscular  &ames  of  these  men,  and  their  long 
practice  in  particolat  operationa  requiring  gt«at  strength,  enable  them  to  continue  for 
hmg  periods  at  woA  without  muoh  fatigue ;  and  to  one  watching  minutely  their  mode 
of  wtnling,  while  there  is  little  appearance  of  effort,  yet  there  is  manifest  a  regulated 
[day  of  thenosdes,  and  a  sort  of  contriTaoce  f  or  doing  the  work  with  tlie  least  possible 
.moTemont, — which  indicate  that  ermy  one  of  these  muscular  movanenta  i*  a  remit  of 
tuAit,  witiiout  the  need  for  a  special  eSbrt  of  will. 

In  pumping,  as  in  rowing,  nnmeroua  mtiioles  are  exercised,  and  accordingly  this 
kind  of  labour  can  be  oontinoed  for  a  long  period.  Thero  is,  however,  a  mmotony 
about  the  operation,  and  a  want  of  viuble  effect  to  satisfy  the  mind  of  the  workman, 
which  t«nd  to  Taake  him  weary  of  bis  woit  In  rowing  a  boat,  excavating,  lifting  or 
DOviog  a  load,  -there  is  a  visible  prognss  made,  and  tiie  workman  has  a  satis^ction  in 
observing  the  ofaaoge  eSbcted  by  his  eiertioa,  and  can  reckon  hie  advance  and  the 
amount  still  remaining  to  be  done ;  but  in  the  continuous  discharge  of  a  body  of  water 
from  a  pump,  drawn  probaUy  from  an  unse^  source,  «sd  flowing  into  an  unseen 
lesemur,  or  into  one  so  large  that  addilaons  to  its  contents  produce  no  visible  effi/ct, 
there  ia  nothii^  to  redon  by,  no  progreaa  apparent ;  and  the  woikman  accordingly 
beoomes  fitignad,  more  from  want  of  mental  satisfaction  than  from  actual  weariness  of 
body.  It  ia  tme  that  oasoa  fteqaeBtly  occur  where  eoamtin  and  passengers  on  board  a 
leaky  venel  worii  for  many  days  continuously  at  tho  pumps.  But  in  such  a  caae,  life  ia 
at  stake;  and  the  excitement  of  danger,  fear  of  deatb,  and  hope  of  safety,  ace  impulses 
to  exectian  capable  of  overcoming  much  bodily  fhtigue  and  mental  Ueaitude.  In  all 
operations  demanding  Dutanal  labour,  it  ia  good  economy  to  let  the  wt^'ltman  see  the 
effect  of  his  efforts :  let  his  mind  be  satisfied,  and  his  body  will  the  longer  withstand 
fctigne.  Where  labonr  is  used  as  a  punishment^  it  is  certainly  an  aggravation  of  tho 
penalty  to  make  the  labonr  of  a  kind  that  manifests  no  result.  The  perpetual  walking 
>p  the  Pounds  of  a  treadmill,  or  perpetual  boning  a  winch  to  drive  unseen  maotunery, 
C,.H,gIc 
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ii  dierafoce  a  pnud  Ubour  of  a  most  aevere  ohkiBcter,  idthon^  the  actual  mnaoular 
exertiaii  which  either  demandi  ia  not  great. 

Aa  lotatory  motiaii  ii  generally  that  kind  of  moyement  beat  applioable  to  naclunmy, 
being  moit  easily  modifled  in  direction  and  velocity,  labour  at  the  irinch  a  the  kind  tJ 
manual  exertion  chiefly  umd.  Before  steam-machinery  became  common,  tlie  number 
of  <^>eratioaa  efiboted  by  manual  laboni  -wat  very  much  greater  than  it  ii  now.  At 
preaent,  except  for  special  puipowS'-aDch  as  driving  a  printing-nutohine,  or  a  taming- 
iithe,  wheie  the  quantity  of  woric  to  be  done  woulif  not  wairanl  the  application  of 
costly  motive  powet — "■■""'I  labonr  at  the  winch  ia  little  used.  Engineers  of  the  last 
generation,  with  whom  human  and  animal  labour  wtw  an  important  oon«idei«tiDn  a*  a 
sontce  of  motive  power,  devoted  considerBhle  care  to  experimmts  ai  to  the  beat  modes 
of  applying  it,  and  the  quantity  of  power  developed.  The  mun  result  of  their  dedno- 
tions  waa,  that  in  moving  mocUnery  the  power  of  a  horse  wia  on  the  average  equiva- 
lent to  a  weight  of  33,000  lbs.  lifted  1  foot  high  in  I  minute ;  and  this  has  oocordingly 
been  adopted  by  enginears  tm  a  standard  by  which  all  powers,  whether  of  steam-engines 
or  water  or  windmilla,  aie  meajnircd. 

The  power  of  a  man  is  about  one-fifth  of  that  of  a  Hone ;  that  is  to  aiy,  on  Ae 
average  a  man  can  exert  a  power  equivalent  to  the  lifting  of  a  wei^it  33,000  Iba.  one 
foot  high  in  five  minutes,  or  6,61)0  Iba.  one  foot  high  in  one  minute.  These  estimates 
are  not  applicable  to  a  ein^e  effott  for  a  short  period,  but  to  labour,  such  aa  could  be 
sustained  for  hours  daily,  and  continued  on  BuccoBsivedaya.  When  the  power  of  a  man  is- 
DOntiiiuoosly  sppUed  to  a  winch,  it  should  not  be  eetimated  at  more  than  half  that  given 
above;  that  ia  to  say,  3,300lbs.  raised  one  foot  high  in  one  minute.  Itis  found  in 
practice  tliat  a  man  woiUng  a  wineh  can  for  a  conaidersUe  period  move  his  hand 
through  120  feet  per  minute,  emiing  an  average  of  30  Um.  At  some  parta  of  tiis  revo- 
lution of  the  winch  he  exerts  more  than  double  of  this  ^'esBure,  at  other  parts  less  than 
half;  but,  on  the  whole,  the  meanpreesuremay  be  takenat  301ba.  Kow,  30  X  130 
gives  a  power  of  3,6001bB.  raised  ono  foot  per  minute,  whioh  is  rather  above  the  estimate 
of  3,300,  whioh  ve  have  given  above.  If  the  radius  of  the  winch  be  I  foot,  the  dia- 
meter of  the  circle  in  whioh  the  hand  revolvea  ia  2  feet,  and  its  circumference  Of  feet; 
therefore  he  mohes  about  19  revolutions  per  minute,  for  19  X  6f  ^  120  nearly.  For  a 
short  period  he  could  turn  the  winch  at  the  rate  of  25  or  30  revolutions  per  minate,  and 
exert  an  average  preasure  at  the  handle  of  40  lbs.  to  60  lbs.  But  this  high  estimats 
should  only  be  used  in  calculating  when  a  weight  ia  to  be  lifted  during  some  minutes, 
and  not  when  the  woA  is  constant.  For  driving  machinery  affotding  a  constant  resist- 
ance  during  several  hours,  the  lower  estimate  of  the  man's  power,  vis.  3,300  lbs.  raised 
one  foot  high  in  one  minute,  should  be  taken. 

In  canyii^  a  load  on  his  back,  over  level  ground,  a  man  can  develop  a  power  of 
about  8,000  lbs.  moved  over  one  foot  in  one  minute.  In  carrying  a  load  up  a  staircase hia 
power  is  equivalent  to  2,000  lbs.  lifted  one  foot  high  in  one  minute.  In  dragging  a  band- 
cart  on  level  ground  his  power  is  about  20,000  lbs.  moved  one  foot  in  one  minute.  In 
rowing  a  boat  the  power  developed  is  about  2S,000  lbs,  moved  one  foot  in  one  minute. 

For  temporary  effiirts,  the  following  estimates  have  been  made : — A  man  can  bear  for 
a  short  time,  standing  slill,  about  300  lbs.  weight.  Ho  can  lift  vertically  about  280  lbs. 
He  con  groap  by  his  hand  with  a  pressure  of  about  100  lbs. 

The  principal  applications  of  manual  labour  are  not  those  in  which  great  force  is 
required  to  be  developed.  Dexterity  and  skill  of  manipulatioit  are  the  qualitiea  desired 
in  a  woAman,     As  more  and  more  pn^ress  is  made  in  mechanics,  to  does  tlw  neeeaaity 
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for  ouployii^  ttie  bodiljr  ftrcM  of  men  duninuli.  Indeed,  ■  tar^  proportion  of  the 
ikilled  workmen  noir  employed  Me  engaged  in  merelj  watclmtg  the  operation  of  »e1t- 
actiTtg  DueUne*.  MacUnea  are  more  rigoroualy  line  in  the  votk  they  perfonn  than  the 
hand  i  but  they  are  limited  to  Ae  eoii*t«nt  repetition  of  similar  opemtions.  They 
rannot  let  theirimk,  adjnat  their  own  moTementa,  or  vary  their  eBorta,aa  man  can  do; 
bat  in  all  these  ntatten  they  may  ha  contnJled  hy  man.  It  ia  not  our  prorinee  to 
inquire  into  the  moral  effect  produced  on  vorfcmen  by  the  extended  use  of  Belf-aotiog 
machinery.  It  ii  txue  that  much  of  their  corporal  Ubour  ia  aaTed,  and  that  a  vast  i 
moie  work  is  done  more  eoonomicallj ;  and  necessariea  and  luxoriea  thua  brought  within 
the  reach  of  millioRs  who  would  else  be  deprived  of  them.  At  the  same  time  it  muat 
not  be  forgotten  Hiat  the  workman  ia  to  a  certain  extent  degraded  into  a  mere  machine, 
only  a  littlo  elevated  above  that  whose  operations  he  watches  and  controls.  He  has  bo 
longer  to  acquire  skill  and  dexterity  in  hia  ctaft — machinery  does  the  work  better  than 
he  could  ever  hope  to  do  ;  he  has  not  to  think  out  the  eaaieit  and  moat  efiective  mefliods 
of  perfbtming  it — for  the  machine  does  a  certain  kind  of  work,  tlie  material  is  placed  oi 
it,  the  power  ia  applied,  and  he  has  only  to  look  on.  Farther,  the  kind  of  work  about 
which  he  is  employed  almost  eiclosively,  is  of  tJie  same  unvarying  chaiactev;  and  he  is 
thns  enbjeoted  to  a  monotony  of  occupation  which  leaves  many  intellectual  faculties 
dormant.  In  former  generations  the  millvr^ht  was  a  man  oonversant  with  machinery 
in  general,  and  with  the  various  operations  required  in  its  mannfacture  and  appHcati 
He  could  make  patterns,  mould,  for^,  turn  snd  fashion  timber  and  metal  to  his  ni 
and  generally — we  may  say  necessarily — was  a  man  of  intelligence  and  ingenuity.  Now 
we  have  pattern-makers,  moulders,  amifba,  tunen,  Bttera,  and  workmen  for  attending 
planing,  Bia«wing,  slotting,  punchin|;,  and  other  machines ;  sll,  in  a  manner,  different 
ti'ades,  requiring  no  veiBatiUty  of  mechanioal  talent,  and  not  even  dexterity  of  band. 

No  doubt  the  vastly  increased  quantity  of  work  is  now  dona  iu  all  the  better  style 
for  this  snbdivision  of  labour  ;  but  we  fear  the  moral  and  intelleotoal  character  of  the 
workman  is  coneideiably  loveted. 

2.  Matnzal  Kov*nenti  of  Al«  and  ITat^.— History  afforda  ns  no  infor- 
mation as  to  the  period  when,  or  the  race  by  whom,  the  moremcnts  of  the  winds  and 
tidea  were  converted  into  useful  mechanical  forces.  Manysavage  nations,  vdio  for  ages 
could  have  had  no  intercourse  wiUi  people  more  civilized  than  thenuelves,  possess 
veseelB  that  float  on  tiie  sur&cc  of  thewstera,  impelled  by  the  wind  or  the  tidsl  currents 
of  the  sea  and  riven,  as  well  as  by  oara;  and  it  ia  probable  tW  Iho  idea  of  utilizing 
the  motion  of  the  wind  or  the  onrrent  of  the  water  has  suggested  itself  to  many  separate 
individoals,  without  any  communication  among  each  other.  The  most  simple  mode  of 
applying  the  force  of  wind  is  that  which  is  of  most  general  use,  the  propulsion  of  vosacls 
on  the  water.  The  most  casual  observation  of  the  natural  efiects  of  wind  shows  its 
(Craater  power  on  largo  surfaces  than  on  small  ones ;  and  a  littie  reflection  would  offer  a 
reason  for  this,  and  suggest  the  extension  of  sorftcc  to  receive  the  pressure  of  aerial 
currents  when  greater  force  is  sought  to  be  derived  from  them.  A  savage  floating  in 
his  canoe  finds  that,  by  holding  up  the  blade  of  his  oar  to  catch  the  favourable  breeze, 
he  makes  progress  without  effiirt ;  by  holding  up  two  oara,  the  velocity  of  his  progress 
is  increased ;  and  by  stcetohing  between  the  oars  a  mat  or  skin  so  as  to  increase  lai^y 
the  sur&oe  on  which  the  wind  can  press,  the  ^ccd  of  ^  canoe  is  proportionall)' 
augmented.  From  the  firM  rude  notion  of  a  sail,  ^e  ik'ps  of  transition  to  the  complex 
rigging  and  amuigements  of  canvas  in  a  fiist-iftc  jDa»«£-7ar  are  easy  a^d.-ebfio 
indoed,  in  making  use  of  wind-power  for  propelling  tcsspIs,  thcr*,ftro  only  two^points 
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leqniringooiuideratioti:  tbomafe,  flret,  the  qnantit}' of  the  force  derelopodMMq^nd; 
and,  ieoondl}',  the  diroctioa  inwhieh  it  is  to  be  nuide  to  tot.    Theamoiint  of  wlnd- 

e  depend*  upon  tbo  Telocity  of  iu  moTement,  and  the  quantity  of  mrfiue  oft  wliich 
it  acts.  At  6nt  sigbt  it  might  appear,  that  by  doablii^  tlie  Telocity  of  tlB  irind  iro 
(houMdoabla  ita  pMeeure  on  a  oertaio  aiM:  but  thi«  i*  by  no  msaaa  Ihe.can,  for  on 
doubling  the  velocity,  the  preauue  ii  qoAdinpled;  on  tripling  the  T^ooity  the  ^CMOro  in 
inereued  nine  time* ;  and  to  on,  the  preasun  being  alwsye  jnoprationed  to  the  aqoaTe  of 
~ie  Telocity,  or  the  Telocity  multiplied  by  itsdf.  On  a  tittle  oonndaration,  thia  law- 
becomes  obTiouB,  Bi  we  will  endecTonr  to  ahow.  Let  ui  luppoee  the  air  to  coanK  of 
number  of  partidee  or  molecules ;  eren  if  it  do  not  conmit  of  aotual  solid  particles,  v 

r  at  all  erenta  suppose  it  to  oimaist  of  a  number  of  aepaiate  auMtet,  as  small  and 
light  as  we  please ;  and  though  nre  and  attenuated  as  oompared  witll  solid  bodies,  yet 
oertoinly  as  much  as  they  aabject  to  the  general  taws  which  goTem  all  matter.  Now, 
if  we  double  the  speed  with  which  any  one  of  these  nuusea  mores,  we  double  the  fiarce 
with  which  it  strikes  on  any  body  [Jaced  in  its  way ;  if  ire  triple  ita  tpeed,  ire  triple 

(oToe  of  its  Mow;  and  so  on,  the  fbrce  being  always  GzacUy  propottioual  to 
Telocity  n-hen  any  one  mass  or  particle  is  taken  into  aocount  But  when  ire  extend 
conception  to  the  motion  of  an  unlimited  number  of  anoh  particles,  which  oonsti- 
totes  a  oontinnous  fluid,  wo  obserre  that,  by  doubling  the  speed  of  the  fluid's  motion, 
we  double  the  number  of  mssiea  striking  any  body  oppceedto  it  in  a  ^TCn  time;  by 
trailing  the  epoed  we  triple  the  number  striking ;  and  so  on,  the  number  of  particles 
striking,  as  well  as  the  force  of  each,  being  proportional  to  the  Telocity  of  morement 

Upon  the  whole,  then,  the  presanre  on  any  surfoce,  arising  from  a  coatjnuous  series 
of  blows  ftom  masses  of  air,  must  be  as  the  force  of  each  multiplied  by  the  number  in  a 

3n  ttme ;  and  as  on  doubling  tiie  Telocity  the  number  ia  doubled,  and  the  force  or 

Mtite  is  2  X  2,  or  4  times,  on  tripLing  6t6  velocity  the  pressure  is  3  X  3,  or  9  times, 
BO  on,  the  pressures  being  always,  as  we  haTB  slated  aboTe,  propcntional  to  tho 
Telocities  multiplied  by  themselTes  ort})o  squares  of  the  Tcloeities.  It  is  couTenient  to 
estimate  the  preaautes  oF  wind  cuirenta  on  sono  nnit  of  surioce,  such  as  one  square  foot, 
while  the  Tdocities  are  generally  stated  as  being  at  a  certain  number  of  milee  per  hour. 
The  foUowing  table  giTCS  the  pressure*  per  square  foot  of  surface  produced  by  winds  of 
different  d^i«e«  of  strength,  as  distingoiabed  by  their  respeotiTe  names,  widi  the  cor- 
respoodiug  Teloiuties  in  miles  per  hour. 

l^aMt  of  iht  VtleeitUi  of  Windi  in  mSa  per  hour,  and  thtir  preuarei  in  lit. 
<m  a  lur/ace  of  on*  tqaanfoot. 


Hardly  perceptible 
Gcnllo  breeze 
Brisk  gaio 
Very  brisk  gain 
High  wind 
Very  high 

Great  storm   . 
Hurricane 
The  following  ii  a  simple  mle  for  determining  rery  nearly  the  pi 
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foot,  when  the  Telodt;  in  milM  per  boar  ii  fcnovn : — Hohiply  Ua  Tcdocity  bj  iUdf, 
IuIts  th«  product,  and  point  off  two  figoiea  to  tbe  r^t 

EatmpU  1. — Rfiquired  the  jomsure  of  a  irind  bloving  at  40  milet  per  hour. 
40  X  40  =  ISOO ;  half  is  800 ;  poialiag  off  2  Sgores,  we  hftve  S  Iba.,  wMch  ntarijr 
agree*  with  7'ST3,  the  preseoru  in  die  table. 

JEnuRpfs  2, — Hequired  the  preasare  of  a  tempest  at  TO  mUes  per  hour. 
70 
70 


34-50  Iba. 

The  preimire  of  a  wind  on  any  surface,  atioh  as  a  aqnare  foot,  being  known,  it  is  i    , 
)  estimsto  that  on  anj  other  surfoca;  for  if,  ioatoad  of  1  aqnare  foot,  2  square  feet  were   I 
ppoaed  to  the  wind,  we  dioold  find  the  pretmre  doubled  ;  on  3  square  feet  it  would 
be  tiipled ;  and  so  on  in  r^ular  proportion.     Knowing,  t^n,  the  Tslocitj'  of  the  wind, 

oompute  its  preaaurs  on  any  known  snr&oc  by  multiplying  the  pressure  on  1  squaro 
foot  by  the  sni&cD  in  aquaro  ibet.  Thus,  if  we  wished  to  ascertain  the  prcsiuro  of  a 
gale  at  20  nules  per  hour  on  a  dii^s  sail  20  feet  wide  by  30  feet  high,  since  20  X  30  = 
SOO  square  feet  of  surfece,  and  the  pressure  of  the  gale  <m  1  aqnare  foot  being  neaiiy 
3  Iba.,  we  hare  600  sq.  ft.  x  21bs.  =  1200  Dm.,  the  total  proseore  on  the  sail. 

When  the  wind  ii  made  nas  of  as  a  moring  fbroe,  the  suc&cc  on  which  it  blows 

mnst  move  with  it,  for  if  it  simply  rested  opposed  to  tin  air,  it  would  sustain  pressui'o 

it  develop  no  moving  feroe.     The  sail  of  a  ship  at  anchor  is  certainly  pressed  on  by 

the  wind,  and  tendi  to  force  the  vessel  from  its  moorii^ ;  hut  until  it  does  force  it,  ni 

moving  power  is  developed,  for  no  motion  is  produoed.    But  when  a  ship  is  in  motion 

sail  is,  to  a  certain  extent,  going  with  the  wind,  and  therefore  receives  a  preseur 
duo  only  to  tho  cicoaa  of  tbe  velocity  of  the  wind  over  that  of  the  ship.  Suppose  the 
wind  were  blowing  at  the  rale  of  ten  milca  per  hour,  end  tbe  ship  sailing  b^bre  it  a) 

rate  of  seven  miles  per  hour,  the  actual  velocity  with  which  the  wind  sbikea  tbe 
is  only  three  miles  per  hour,  the  difference  between  its  rate  and  that  of  the  ship. 
Tho  pressure  on  the  aail  ia,  Ibereforo,  only  that  duo  to  three  miles  per  hour.  If 
Buppoae,  now,  that  the  veloeity  of  the  wind  increased  to  twenty  miles  per  honr,  the 
speed  of  Ae  vessel  propelled  would  also  bo  increaaed  probably  to  fourioen  miles  per 

r,  and  the  pressure  on  the  sail  would  be  that  due  to  six  miles  per  hoar,  the  excess  of 
twenty  over  fourteen. 

Theoretically,  as  the  resistance  to  the  vessel's  motion  is  that  of  the  fluid  in  whii^  i  t 
moves,  the  pressure  doe  to  increased  velocity  should  follow  tbe  same  law  as  that  of  tlto 
wind,  and  the  example  given  above  would  be  a  probable  case.  In  practice,  however, 
the  form  of  the  vessel,  the  disturbance  of  the  sur&ce  of  the  water,  the  bagging  of  the 

I  under  increased  prenure,  and  other  circumstances,  affect  the  r^ularity  of  the  laws 

vater-resistance  and  wind-pressure  so  mnoh,  that  we  are  not  in  a  conditiai  to  corn., 
pnte  aoonralcly  the  ratio  of  tho  speed  of  the  vessel  to  the  veUtcity  of  the  wind.  Were 
die  lul  of  a  vessol  fixed  in  a  middle  position,  and  the  vessel  itself  capable  of  moving 
with  equal  ease  in  any  direction,  as  it  would  be  if  it  were  made  quite  circular  instead  of 
being  long  and  narrow,  the  ve»el  wonld  bo  piopdled  exactly  in  the  direotion  in  which 
the  wind  might  blow.  Bat  as  this  resnlt  wonld  by  no  means  suit  the  views  of  men 
desiring  to  sail  in  some  particular  direction,  it  is  necesasry  to  contrive  the  fonn  of  the 
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e  direction 


m«7  bo  conTectcd  into  a  piesjure  ii 


io  tlut  the  preoDie  of  the  wind  ii 
Q  laother  dinictiOB.    Tha  venel  ii 

■o  that  it  nsf  be  subject  to  mnch  len 
<i  &VD1  tbc  water  when  moving  in  tlte  directioa  of 
ita  len^  thaa  if  it  wen  to  move  ndewayt ;  the  laila 
aro  made  capable  of  being  turned  about  to  dificrent  angles 
with  the  length  of  the  Tesecl,  lo  as  to  receive  the  wind 
obliqoeif ;  and,  to  direct   tbe   v 

tendsncj  of  the  wind  to  Uow  the  &ont  or  back  part  of  the 
reaiel  round  ont  of  its  proper  course,  a  ruddec  or  LeLm  ii 
mounted  at  the  stem,  to  balance,  by  its  resistance  in  th> 
water  on  one  aide  or  the  other,  tho  force  lending  to  malu 
tbe  vessel  deriate.  When  the  wind  strikes  on  s  surface 
presented  to  it  obliquclj,  its  pressure  is  diminished. 
Suppose  a  certain  surfaoe  fire  feet  wide  (Fig.  101)  ox- 
posed  direcdy  to  tha  wind,  or  at  right  angles  to  the 
direction  of  the  wind,  the  pressure  on  it  may  be  ooa- 
sidered  to  be  mada  np  of  five  pressures  each  on  one  foot  of 
the  width.  But  if  the  aonie  sur&co  be  turned  obliquely 
to  the  wind,  so  that  while  the  surface  itaelf  still  ren 
five  feet  wide,  the  iiuantity  of  air  intercepted  is  t 
measured  by  three  feet  in  width,  the  lei^h  of  the  line 
drawn  at  right  angles  to  the  direction  of  the  wind  inter' 
cepted  between  paralleU  to  it  from  the  extremities  of  the 
surftce,  then  tho  pressure  ia  only  that  o 
Burfecc. 
But  besides  the  loss  of  surfaco  from  obliquity,  there  is  also  a  loss  in 
pressure.  A  column  of  air  A  D 
(Fig.  102)  striking  a  surface 
exposed  obliquely  to  it,  would 
be  reflected  in  D  B,  and  press 
upon  the  snr&ce  at  right  angles. 
The  quantity  of  pressure  com- 
pared with  what  it  would  be  if 
the  aur&oc  were  not  oblique,  is 
found  by  taking  A  D  any  length, 
0  tepieteut  the  direct  pressure, 
and  drawing  A  C  and  D  C 
parallel  and  peipendicular  to  the 
oblique  surface.  Then  while 
A  D  measures  the  direct  impulse,  ^" 

'a  efiectivo  impnlae  to  move  the  auriWce  ia  the  direction  D E,  and 
a  the  loss  from  obliquity,  cr  the  amount  of  force  expended  parallel  4a 
tho  obliqne  anifoce,  and  therefore  not  eSectivo  upon  it.  But,  farther,  it  is  seldai 
cose  that  the  effective  preasure  of  the  wind  on  the  surface  of  a  sail  set  obliquely  tn 
employed  directly.  If  AB  (Fig.  103)  represent  tho  sorface  of  tbe  sail  of  a  vessel, 
the  direction  of  the  wind,  D  £  the  direction  of  the  vessel's  course,  we  may  take  C  D 
any  length,  represoutiuj  the  force  of  the  wind ;  then  C  F,  petpendieular  U 


Fig.  101. 


1  three  fbet  of 
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its  eff^etire  force  on  the  sail,  and  the  length  of  C  O,  paralM  to  D  B,  and 
intercepted  by  F0-, 
which  IB  perpendi- 
cular to  D  E,  mea- 
surca  the   effective 
force  in  the  direc- 
tion cf  tlie    ship's 
course.      The    "" 
F  G  measores 
effort  of  the  "wind 
to  propel  the  vessel 
iddc  wajs,  or  to  mat  a 
what  is  technically 
catleil  leeway. 

We  may  take  a 
practical  example  as 
an  illustration  of 
how    the    effective  Fl,_  joj, 

impalae  of  the  wind 

may  be  computed : — A  sail  20  fe«t  wide  and  20  high  is  set  with  its  edges  diieeted 
to  N-V.  and  8.1!. ;  the  wind  blows  at  30  milsB  an  hour  from  tlie  south,  uid  the 
vesael  soils'  due  cast  with  a  speed  of  10  milea  per  hoar.     Uaving  drawn  a  plan  of  titc 


Fig.  MM. 


vessel  (Fig.  104),  showing  D  C  the  direction  of  the  wind,  and  AB  that  of  the  tail,  in  the 
first  place  fi'om  A  and  B  we  draw  parallels  to  D  C,  cutting  off  F  6,  the  effootiTo  width 
of  sail  to  receive  the  wind.  A  B  measm-es  20  feet,  and  F  G  would  be  found  to  measure 
about  14  feet;  therefore  the  effective  eutfaca  of  the  sail  is  14  widib  X  20  height  =  280 
square  feet.    The  velocity  of  the  wind  30  miles  per  hour  being  rcproBented  by  D  C,  ito 
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velocity,  reMdved  peipendiiialuiy  to  tim  Bail,  u  meamed  Ity  D  H,  abo&t  21  miles  per 
hilar.  Iliii  velocity,  rssolved  into  D  K,  in  the  direction  of  the  vetset'i  coune,  becomea 
15  miles  per  hour,  wMch  ia  to  tha  actual  speed  of  the  venel,  ID  miles,  as  3  to  2.  The 
pressure  on  Uie  surface  of  ths  sail  is  not  that  due  to  21  miles  per  hour,  Uie  measurement 
it' DM,  because  the  vessel  and  sail  u«  eontiuuslly  escaping  fhnn  the  wind;  but  to  the 
saem  of  D  H  over  the  apeed  of  escape,  or  the  same  part  of  21  as  S  (the  excess  of  the 
H'ind's  velodty  in  D  K  over  10,  the  Telocity  of  the  vessel)  is  of  15,  the  wind's  velocity 
ia  D  E.  As  S  is  }rd  of  IS,  and  7  is  |i^  of  21,  the  effective  preMuie  on  the  sail  is  that 
due  to  7  miles  per  hour — about  0' 245  lbs.  per  square  foot.  This  multiplied  by  2B0 
iwiuare  feet,  tlie  effective  snr&ce  of  the  sail,  gives  68}  Iba.  for  the  pressure  tending  to 
"  '  m  the  mast  while  the  vess^  la  moving  at  10  miles  per  hour.  Wore 
tko  motion  of  Qie  vessel  entirely  obstructed,  the  pressure  on  the  sail  vould  be  that  due 
ti>  21  milee  per  hour,  about  2^  lbs.  per  square  foot,  or  2S0  X  2}  =:  630  lbs.  The  ten- 
ituncy  of  the  wind  to  produce  leeway,  or  to  foice  the  vessel  udeways  from  its  course, 
ImppcnH  in  this  case  to  be  the  same  as  its  direct  fwoe,  for  K  H  ii  equal  to  UK.  If  the 
les  as  long  as  it  is  broad,  the  resistance  to  its  movement  sideways  should 
t  to  its  direct  movement,  without  taking  into  consideration  the  form  of  the 
..  The  Bhapc,  however,  is  made  so  as  to  offer  as  much  resistance  as  possible 
Eidoways;  bo  that,  under  eqoal  impulses,  the  reuatance  to  ude-msvement  or  leeway  may 
I'lt^baUy  be  at  least  10  times  that  to  diimt  movement.  It  mig^t  be  possible  to  com- 
pute the  angle  at  which  a  sail  should  be  set  when  the  direction  of  wind  and  the  coune 
of  the  vessel  are  given,  so  as  to  obtain  the  greatest  possible  effect.  But  as  in  practice 
the  aaila  of  a  vessel  are  numeroua  and  various  in  poution  and  direction  of  actiim,  it 
would  be  difficult  to  apply  such  computation.  A  sailor,  after  a  few  tiials  of  his  veasd 
under  sail,  is  able  to  estimate  very  correctly  the  an^es  of  his  sail  and  coune  with  the 
direction  of  the  wind,  so  as  to  get  the  best  eff^.    If  the  wind  blow  almost  directly 


<-t- 


agiunst  the  ship,  it  is  necessary  to  tack.    IC,  for 
1  ti5),  the  wind  blew  from  B  towards  A,  or  nearly 
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Tuious  taok)  or  direotioiii  oblique  to  that  of  tlie  wind,  nuikiiig  ■progitu  on  the  TholA 
Theohoiceof  thosa  t«ckB,aou  toget  ov^r  the  given  diitaoce  mth  as  little  devislioii  ai 
poaaible,  or,  at  sU  tneoia,  t«  do  it  vitli  the  leut  poeuble  loss  of  time,  is  m  impoitutt 
ptot  of  the  uilor'i  art. 

Thefinceof  windhatoecaaionall;  been  applied  to  moving  bodiei  on  lanct,  but  not 
in  a  m«"TUT  Hitx  can  be  gsnenllj  luod.  Some  of  the  Arctia  voTagen  having  to  travel 
long  diitancQS  in  iledgel  over  ice,  have  taken  advantage  of  a  favouraUe  irind  to  propel 
tbeir  vehicle*  by  means  of  kites  attached  to  them.  Chariots  have  alio  heon  made  vith 
sails,  so  as  to  be  propelled  b;  wind  along  a  road  as  ships  are  propelled  at  sea.  But  the 
imcertnintf  and  variationB  of  the  wind  render  each  applicationa  of  its  power  m 
curiene  experiment  rather  than  of  practical  utility. 

For  giving  motion  to  biaohinery,  windmills  hive  been  and  stUl  are  very  eiteniiTely 
used.  Engineers  of  the  laat  generation  devoted  great  attention  to  the  c 
vindmills,  and  brought  them  to  great  perfection.  The  introduction  of  ateam-power — a 
power  economical,  mansgeablet  and  alwaya  to  be  depended  on — haa,  in  a  great  mesfure, 
'superseded  that  of  wind  aa  a  mover  of  machinery.  It  is  true  that  after  the  first  cost  of 
a  windmill,  the  poweris  comparatiTely  inexpensive ;  but  it  is  so  variable  in  intensity — 
»imetimeB,  when  it  is  not  required,  exerting  great  force,  and  sometimes,  when  it  may  be 
meat  wanted,  totally  ineSbotive — that  it  is  generally  preferable  to  apply  a  fimie,  perhap* 
considerably  more  ezpeniive  in  ita  production,  but  ccnalaut,  Ucady,  and  compleldy 
under  conbol. 

Windmills  ar«  of  two  Hnda,  horizontal  and  vertical.  The  former  have  been  very 
littie  nsed,  for  it  is  found  in 
practice  that  they  are  by  no 
means  so  efibctive  as  the  latter. 
The  mode  of  constructing  a 
boria<Bxtal  windmill  is  like  that 
represented  on  the  plan  (Fig. 
106},  or  some  modification  of 
the  aamo  principle  of  construc- 
tion. A  wheel  mounted  on 
n  vertical  axis  or  ehaft,  and 
having  flat  vanes  or  boards 
fitted  round  its  circumference, 
ia  inclosed  in  a  circular  casing, 
which  is  fitted  with  boards 
filed  obliquely,  or  in  Euch 
lines  as  if  produced  inwards 
would  touch  the  circumference 
of  the  wind-wheel.  By  this 
arrangement  the  wind,  &om 
whatever  point  it  may  blow, 
•causes  the  wheel  to  revolve  in 
the  same  direction.  Fart  of 
the  breeze  passes  between  the  ^-  IW. 

ubliqne  boards  of  the  casing,  and  actji  on  the  blades  of  the  wheel ;  while  part  is  inter- 
rcpted  by  the  boards,  and  either  reflected  inwards  so  as  to  propel  the  blsdes  in  the  sanie 
direction,  or  reflected  outwarda  so  as  not  to  act  npon  them  in  the  opposite  directian. 
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hare  tean  made  with  a  cuing  putially  nmoimd- 
ing  the  wind-vkeel  (Fig.  107], 
and  capaMe  of  being  turned 
round  by  mean*  of  a  raue,  so  ai 
to  permit  the  irind  only  to  act  ot 
one  aide  of  the  wheel,  wbile  the 
otlker  a  completely  aheltered. 

The  vertical  windmill,  aa  ia 
well  known,  oonaiata  of  an  aik 
or  shaft,  nearly  horiaimtal, 
mounted   in   beaiinga   at   Uie 


Hg.  107. 

revolYe.    Numeroua 
ttdvantageoui  angles  fbr 

na.  If  we  suppose 
&e  radius  of  a  eail 
divided  inUi  six  equal 
parts  (Fig.  lOS),  and 
circles  traced  through 
the  points  of  diviaioD, 
the  Telocity  of  each 
point  in  revolTtng  is 
proportional  to  the 
ts  circle  inter- 
cepted between  two 
radii,  or  proportional 

I^  tiien,  we  make  a 
"  "  B  of  the 
Bul  at  these  different 
porta,    we   aee     that 

re   approitch   the 

*  we  ahoiild  in- 

e  the  obliquity  of 
the  sail  to  itH  plane  of 

as  to  allow  for  its 
wind.  The  sails  accordingly  a 
their  revolutjon,  but  soriaces 


blade*  or  aaila  attached 
to  it.  These  sails  are  aet  at 
an  angle  with  the  oiii,  bo  that 
when  the  wind  blows  directly 
on  the  ta»x  of  the  mill,  its  ob- 

aolved  into  two  forces — one  ir 
the  direction  of  the  axis,  and 
the  other  perpcuiUcuIat  t 
the  direction  in  whidi  the  aails 
end  computations  wora  made  to  determine  the  most 
the  sails,  and  their  most  elective  forma  and  propor- 


;  more  slow  escape  sideways  front  the  impulse  of  the 
re  not  made  flat  Eiufacea  inclined  equally  to  the  plane  of   : 
of  TaryiDg  inclination,  somewhat  like  portioDS  of  acrew    [ 
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UndM,  twisting  u  it  wwe  from  •  certain  oUiqnity  at  their  ertremee  to  a  greater 
obliquity  at  the  centre.  The  an^es  fband  meet  adTaatageoni  in  practice  aie  giren  by 
Ae  cBlehratad  anginoer  Smeaton  aa  fblloir,  ai  ireU.  aa  then  uaed  bj  some  othas 


Inoliution  to  pkne  of  motion  (Smeaton)  18°   . .   19°   . .  1S°   . .   16'   . .   12^°  ..  T 

„  „  (otharwiao) . ,  24°  . .  21°  . .  18°  . .   14"   . .     V'     ..3° 

In  the  Angles  given  hj  Smeaton,  aa  irregularity  is  observed  in  the  &nt,  which  ahould 

by  theoroticll  reasoning  be  greater  than  the  lecond ;  irhereaa  Smeaton  makee  it  leea. 

llie  foQoiring  rale  may  be  adopted  aa  a  very  near  appnndiiiation.    To  find  the  anjje 

at  which  the  aail  ahould  be  inclined  to  the  plane  of  lerolutdon  at  any  diatance  &om  ^e 

Rull. — Multiply  18  twice  by  the  diatance  from  the  centre,  divide  the  prodoot  twice 
by  the  total  Ruliui,  and  eubtract  the  quotient  from  23 ;  the  remainder  ia  the  inclination 
in  degrees. 

Exan^. — In  a  windmill  60  feet  in  diameter,  required  the  inclination  of  tlie  aail 
20  feet  irom  the  centre. 


Here  30  feet  is  tlio  total  radius,  and 


18  X  20  X  20 


8,  which,  subtracted  Aom  23, 


30  X  30 

gives  16°,  tie  angle  of  that  point. 

Were  we  to  divide  tlie  radius  30  feet  into  0  equal  parts,  and  calculate  the  an^ea  at 
each  point,  we  should  find  them  correspond  noarly  with  the  means  of  those  given  by 
Smeaton  and  others,  aa'may  be  seen  by  the  following  table ; — 


1 

2 

3 

4 

■  6 

Distances  &om  centre    .... 

6  feet 

10  feet 

16  feet 

20  feet 

2efeet 

30  feet 

tia&T':::::::- 

18° 
24= 

ir 

21° 

18° 
18° 

16° 
14° 

-r 

r 

21° 

2ai° 

20° 
21° 

18° 
18J° 

16° 
15° 

13: 

Angles  by  the  rule 

6° 

Difference  from  means  .... 

ir 

1° 

r 

0 

i° 

0° 

Having  determined  the  pn^r  inclination  of  the  saila  at  different  distanoea  fiom  the 
octitre,it  next  beccotea  important  to  inqoire  how  much  of  the  anrfitoe  of  the  lAole  circle 
ahonld  be  filled  with  sails.  Mills  are  generally  made  with  four  strong  wooden  anna,  or 
ndii,  fliad  firmly  in  a  central  socket,  and  steadied  and  atifllkned  by  tie-rods,  connecting 
-Uieic  eztremitieB  together,  and  witli  a  projecting  strut  on  the  central  boas.  The  width 
of  each  sail  at  the  extreme  should  be  about  half  of  the  radius,  so  that  in  a  mill  80  feet 
diameter,  or  30  feet  radius,  each  sail  would  ba  16  f^  wide  at  the  extreme.  The  part 
of  the  arm  next  the  centre  for  about  ^th  of  the  radius,  that  ia  6  feet  in  the  case  mpposed, 
ia  not  fitted  with  aails,  becanso  the  anrface  there  ia  so  little  efective,  aa  weQ  tnm  its 
short  lerersgo  as  from  its  obab-ncting  the  wind  rofleetod  from  the  head  of  the  tnrret 
bdiind  it.  The  width  at  the  inner  end  diould  be  |rd  (J  the  radius,  or  10  feet.  The 
mbca  of  each  sail  i«  therefore  312^  square  SmA,  and  the  t«ttl  of  tiie  ftw  is  31S^  X  4 
=  1,260  square  feet. 
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The  total  uea  of  a  cirole  60  feet  in  diameter  is  aomevhat  above  2,600  aquare  1^  (O 
that  not  half  the  cur&oe  of  the  eircle  ia  clothed  with  aails.  There  would  be  no  diaadran- 
tage  in  extending  the  aurface  bf  making  the  aaiU  broader,  or  more  nmueraua,  until  it  be- 
uae  ithg  of  the  whole  Bur&ce.  Bcjond  this,  additionsl  auil'-nirface  ia  diaadvantageoua, 
ir  it  appeals  to  obatnict  the  &ec  passage  of  the  Gurrents  letlected  &om  the  bsUb,  and  lliiii 
clog  their  motiona.  It  ii  EDQnd  advantageous  to  arrange  the  nufaoe  of  a  aail  aomeirhat 
a  the  pntportiona  of  the  diagram  (Fig.  109),  vhii^  represents  the  front  yiev 


The  coTering  of  the  surface,  so  as  to  catch  the  impulse  of  vind,  {lameily  conusted 
f  canvas  fixed  □□  a  roiler  at  one  side  of  the  arm,  on  which  it  could  be  rolled  like  a  wi 
dov-blind  -,  or  from  which  it  could  be  unrolled  so  ita  to  cover  the  whole  sail,  which  w 

d  in  with  wooden  framiug  to  support  the  canvas  pressed  against  it  by  the  wind. 
Sometimes  the  canvas,  instead  of  being  in  one  sheet,  was  aubdivided  into  numerous 
separate  aheets  mounted  on  rollers ;  and  apparatus  waaprovidcdaothatthecanvasmight 
~  le  wound  on  the  rollers  or  unwound  at  i^easure,  while  the  mill  was  in  ntotioa.  Aa  the 
wind  is  exceedingly  variable,  andastheiiuantityof  work  required  of  the  mill  also  might 

f  to  a  considerable  extent,  it  was  found  necessary  to  provide  some  apparatus  by  which 
1ia>  mill  mi^t  r^ulate  itseU^  so  that  its  velocity  should  not  be  oicesive  at  ime  ti 
and  t4K>  nuell  at  another.  One  mode  of  effecting  thia  object  was  to  apply  to  the  n 
chinery  <^  a  mill  a  governor,  like  that  of  a  ateun-engine  (which  we  shall  have  occaaion 
to  deeciilie  in  detail  hereafter).  This  governor  consiata  of  two  heavy  balls  suspended 
ftom  the  summit  of  a  vertical  revolving  apindle  Ly  jointedrod8(Fig.  110),  Theapindle 
bcdi^  at  rest,  the  balls  hang  close  to  it  on  each  aide )  but  on  tlie  spindle  being,  oauacd  t< 
revfdve  raj^dly,  the  halls,  impelled  by  centrifugal  fbrce,  &j  away  &om  the  central  axis, 
as  marked  by  the  dotted  linea.  A  syatem  of  levcia  and  rods  connected  this  apparatus 
I  with  the  sail-icUers,  so  that  when  tho  balls  flew  outwards  from  increased  velocity,  the 
sails  were  furled ;  and  when  they  fell  inwards  from  diminished  speed  of  revolution,  the 
aaila  were  uniiiiled.  The  quantity  of  surfaoe  thus  presented  to  t^  wind  was  adjusted  to 
its  force,  and  a  tolerably  equable  velocity  of  the  machinery  was  attained.  In  some 
mote  recent  mills  an  ingenious  contrivance  for  regulating  the  aur&ce  of  sail  accoiding 
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n  Ibe  force  of  the  wind  has  been  aaccenfuUy  adopted.    The  suli  ct 

filled  in  with  lou- 
Te-boatdfl  hinged 
la  pivot-pina  near 
ine  of  their  edges, 

and  all  cnnneotod 

by  levers  and  roda 

with  a  stiding-bosB 
in  the  central  axis 

of    the    windmill  / 

(Fig.  111).   Whenj 

the    wind    blows  \ 

strongly      against 

ho  louTie-boards, 
t  fbrcca  theu  oat 

of  their  verliiial  po- 
sition, and  passes 

freely  through  the 

openings  between 

them.  The  surface 

of  the  sails  is  thus 

shed  by  the  ^-  ""' 

pressure  of  the  wind  itself.  To  prevent  its  being  too  much  diminished,  the  sliding-bots 
connected  with  the  louvre-bosrds  is  pressed  upon  by  a  lever  loaded  by 
a  certain  weight  sofflcient  to  balance,  aa  &r  as  may  be  desirable,  the 
pnissuro  tending  to  force  aside  the  louvres,  end  thus  to  keep  them,  tl 
a  certain  extent,  up  to  their  woA.  When  the  load  on  the  mill — that 
is  to  say,  lie  quantity  of  vroA  effeeted  by  it — is  varied,  the  weight 
may  be  varied  accordiogly ;  and  thus  the  effective  amount  of  eorface 
in  the  aula  may  be  adjusted  to  the  average  foroe  of  the  wind,  and  the 
work  to  be  done  by  it.  When  the  wind-force  exceeds  or  &lls  short  of 
its  average,  the  greater  or  less  inclination  of  the  louvres  very  nearly 
compensates  fbr  the  variatiOQ. 

The  sails  of  a  windmill  should  direetly  face  the  wind  in  order 
to  receive  its  most  advant^eous  action ;  but,  as  the  direction  of  the 
wind  ofleB  changes,  it  is  necessary  to  adopt  some  arrangement  fbr 
varying  tiiat  of  the  mill-almft  accordingly.  The  sonunit  of  the  mill- 
tower,  in  which  the  mill-shaft  ia  mounted,  is  tiierefbre  made  to  re- 
volve, so  that  at  anytime  the  direction  of  the  shaft  may  be  varied,  and 
the  sails  presented  to  the  wind.  In  «ld  mills,  and  indeed  in  many 
small  mills  still  existing,  this  change  of  direction  is  effected  by  hand. 
A  long  lever  is  fixed  to  the  moveable  cap  or  summit  of  the  tower,  and 
extends  obliqudy  to  the  ground.  The  miller  watfiim  the  direction 
of  the  wind,  and  by  moving  this  lever  turns  the  e^  round  U 
proper  position.  But  in  largo  mills  this  would  require  considerable 
ireovor,  constant  attention  would  have  to  be  paid  to  the  cbang 

the  wind.    Went  a  single  change  neglected,  the  mill  might  be  destroyed ;  tor  ai 

soils  are  made  and  strengthened  by  tie-rods  to  receive  the  wind's  pressure  on 
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'ace,  a  ahaoge  of  the  wind  to  the  oppoeite  ilirection  might  throw  a  great  Btrain  on  their 
back,  for  meeting  which  no  prorinioa  la  made.  A  aimplo  mode  of  mating  the  change 
if  direction  self-acting,  ia  to  fit  the  back  of  the  cap  with  a  large  Tone,  which,  lite  that 
jf  a  weather-cock,  would  canso  the  saila  to  be  preaented  to  the  wind  fiDm  whst- 
)yor  quai-ter  it  might  blow.  But  when  miHn  are  of  conaidernble  size,  the  vane 
would  require  to  be  very  large  and  cumbrouB.  The  contriTimce  gcncnillr  employed  ia 
neat  and  ingenioua.  Behind  the  cap  (Fig.  112),  on  the  sideoppoaitc  that  through  which 
the  vind-shalt  passea,  a  framing  ia 
made  to  project  outwards.  On  this 
framing  them  ia  mounted  a  amall 
winamill,  on  an  aiis  trajurer! 
that  of  the  main  arms.  The  cap 
reata  on  rollera  fitted  in  the  circular 
top  of  the  tower,  so  that  it  may  move 
freely  round ;  and  a  toothed  circuliir 
rack  is  also  fixed  on  the  summit  of 
the  tower.  A  spiudle,  fitted  ' 
bvvil-gearing  ao  that  it  may  be 
cauaed  to  rcTolve  by  the  nrrolution 
of  the  small  mill,  couveys  motion  t 
a  toothed  pinion,  which  gears  int 
the  circular  rack.  When  the  mail 
mill  has  ita  &ce  presented  to  th» 
wind,  the  small  one  atanda  edgewaya 
to  it,  and  therefore  femaina  at  rest 
bnt  as  soon  as  the  wind  voera,  i 
begins  to  act  on  one  side  or  the  other 
of  the  small  mill,  and  thus  caosi 
to  revolve.  The  pinion  is  thus  made 
to  trarcl  along  the  fixed  rack,  and 
turn  the  cap  of  the  mill  round  until 
the  main  nrill  is  again  brought  to 
face  the  wind  in  its  new  direction. 
This  arrangement  is  foundto  be  very 
effective ;  and  when  it  ia  properly 
applicii,  the  mill  requires  no  atl 
tton  in  respect  of  direction  to 

In  estimating  the  velocity  with 
n-hieh  the  sails  of  a  nindmiU  revolve, 
I  we  have  to  consider  not  only  the  force  of  the  ivind  upon  them,  but  also  the  resistance  to- 
thoirraotion  occasioned  bytho  work  done  by  the  mill.  AB  (Fjg.  113)  mayrcprcscntthe 
edge  of  a  surface  presented  obliquely  to  tho  vind,  and  capable  of  moving  in  the  direction 
0  D  at  right  angles  to  Ibut  of  the  wind.  If  the  Burikco  be  free  and  unresisted  in 
motion,  and  the  wind  be  considered  to  produce  its  full  effect  upon  it,  tic  proportion  of 
ita  velocity  to  that  of  the  wind  would  be  estimated  by  tiat  of  the  line  B  B*  to  tie  line  B  A' ; 
for  it  is  clear  that  while  the  wind  tmvelaovertho  distance  B  A',  tie  snriiice  moves  tnthe 
position  dott(.'d,  that  is  over  O  6".     But  if  tho  motion  of  the  snrfaeo  be  rcaisted,  its 
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Telocity  in  i^tioa  to  tliat  of  the  wind  u  diminuhed.  In  the  case  of  wmdmill 
B,  we  may  «upp<»e  luch  a  load  of  work  on  the  miU  tliat  the  relocily  of  tlie  Bails  u 
nujie  lluui  half  what  it  would  be  wen  there  no  leusliuice.     We  nmj,  therefore, 


mte  that  the  ydooity  of  the  s»U  relatively  to  the  Wind  would  be  expreand  by  the 
ratio  of  half  the  length  of  the  liue  B  B'  to  the  length  of  A  F.  lakii^  die  frind  ai 
.gentle  breeze,  the  velocity  of  which  in  the  table  is  about  5  miles  per  boor,  and  the 
inclmation  of  the  sul  or  angle  A'  B  B'  half-way  &om  the  contra  18°,  we  ahould  find  the 
half  ofBB' to  be  about  )J  times  A  B,orthe  velocity  of  the  aul  IJ  X  5  =  7|m)le*  per 
hoar — about  660  feet  per  minate.  If  the  windmiU  be  about  60  foot  ii 
diameter  -of  the  middle  point  of  the  arm  ia  30  fcot ;  tho  oircumfeienrD  of  the  cirele  in 
which  that  point  revolvea  ia  94  feet,  and  the  number  of  lovolutiona  made  per  minnte  ia 
)dierefbreW— abont  7. 

If  now  we  calculate  the  speed  of  the  eitremitieB  of  the  arma,  we  find  that  it  ia 

I    3820  fcet  per  minnte,  or  about  Jfl  mile*  per  hour ;  three  timea  that  of  the  wind,  which 

I  -we  have  assumed  as  5  milea  per  hour.     Did  we  aaaume  a  wind  of  greater  velocity,  i 

1   ahould  have  to  take  into  account  the  Belf-regnlating  arrangement,  which  diminiahes  the 

I    amount  of  aurfhcc  exposed,  and  therefore  prereuta  the  mill  from  attaining  lo  mudi 

I   increase  of  ipeed  as  it  wonid  witkoat  ivgulation.    Under  ordinary  d 

I    speed  of  the  outer  extremitieB  of  the  arma  ranges  from  20  to  30  milee  per  b 

may  asnime  30  milea  per  hour  whtai  the  wind  blowa  at  10  milee  with  a  p: 

I    about  i  lb.  on  the  Bquare  foot.     The  total  nuftce  of  the  sails  unfurled  in  a  m 

!    diameter,  is  1260  square  feet ;  we  may  suppose  half  lost  by  fiirling,  leaving  62S  afibc- 

iJve,     Aa  the  aorface  ia  act  obliquely  to  the  wind,  the  preasuro  in  the  direction  of 

ion -would  be  reduced  &om  ^Ib.  to  aboutf  lb.  aa  a  mean  over  the  whole  of  the  anna, 

giving  a  total  presaure  in  the  direction  of  motion  of  about  90  Iba.    The  mean  velocity 

of  the  alia  ia  half  that  of  the  eitreme,  IS  milea  per  hour  or  1320  feet  per  minnto. 

hsre, 'therefore,  90  lbs.  moving  at  13S0  feet  per  minitle,  whidi  is  equivalent  to  a  force 

ofOO  X  1330  =  116,800  Iba.  moving  at  1  foot  per  minute.    A  horse-power  is  reckoned 

as  eqnwalent  to  33,000  lbs.  moved  1  foot  per  minute ;  therefore,  the  power  of  the  mill 

■we  have  reckoned  ia  about  3  J  horae-power, 

t         "When  iwo  double  the  diameter  of  a  mill,  we  quadruple  its  power,  for  we  quadruple 

I  iita  eStotWe  suilace.      The  areas  of  circles  are  proportional  to  the  aquares  of  their 

-diametemj  and  aa  &e  similar  paita  of  tho  areas  are  oconpied  by  sails,  they  are  also  ai 

the  aqnarsa  of  the  diamctoia. 

It  ia  not  at  all  an  easy  matter  to  estimate  tho  powera  of  windmilla.  The  proper 
^ide  as  to  power,  velocity,  and  conitntction  ia  experience.  Some  of  the  wnka  of 
Smoatonioonlnin  much  vahmbit  ihformation  respecting  this  branch  of  Practical  If 
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nica ;  and  tf>  these  we  mnst  refer  Buch  of  our  resders  as  require  ■  more 
of  tlie  auliject  than  our  limits  permit  ns  to  oflbr. 

As  a  force  applied  to  the  mavemeDt  of  miu^iiiicry,  vind  hni  few  advttttagcB  esoept 
ita  little  coat  after  the  flrat  outlaj  for  a  windmill  luia  been  made.  It  is  chiefly  available 
in  flat  eountriea,  where  there  is  no  opportunity  of  obtaining  the  prefenble  power  of 
water,  and  where  thero  i>  litt|^  interruption  to  the  aeiial  cairenta.  In  hilly  oountriea 
windmilla  are  often  subject  to  derangement  from  the  ezceasiTO  force  of  the  guata  of  wind 
that  often  occur  in  such  regiona.  In  tropical  countries,  particularly  islands  and  places 
near  the  nca-ehore,  the  daily  occurrence  of  the  land  and  sea-breezes  occasioned  by  the 
action  of  the  solar  heat  on  the  land,  prorides  a  certain  amount  of  wind-power  which 
may  bo  almoat  always  depended  on.  Bnt  in  these  countries,  on  the  other  hand,  there 
often  occor  tornadoes  or  huiricanes  of  extrcme  violence,  that  sweep  away  almost  every- 
thing that  may  oppose  th^  pn^reaa ;  and  thus  frequently  destroy  windmilla,  and  occa- 
non  renewed  outlay  in  their  re-conatmctjon.  The  principal  use  to  which  windmilla 
ar«  derated  in  temperate  oliniatea  is  for  grinding  com ;  in  tn^ueel  dimotes,  auchMtiie 
West  Indian  letands,  they  are  employed  for  driving  sugar-oane  mills.  !bi  ftnny  and 
marahy  coimtrieB,  anch  as  Holland  or  some  of  the  eastern  counties  of  jKngionJ,  thay  are 
used  for  drainage,  either  by  working  pumps  or  turning  a  wheel  contrived  for  lifting  the 
drainage  water  &om  the  snr&ce  of  the  ground  into  cumls  at  a  higher  level,  by  whiohit 
it  carried  off  into  the  sea.  In  all  situations,  however,  where  the  coat  of  fuel  is  not 
extravagantly  great,  steam-power  ia  gradually  aiqieneding  that  of  wind,  because  ita 
certain^  of  action  more  than  repay*  the  cost  of  it«  production.  Whole  districts,  the 
drainage  of  which  is  dependent  on  wind-power,  may  frequently  remain  many  weeka 
nnder  water  fiom  tiie  prevalence  of  calm  weather,  end  the  agricultural  opeiatioas  of  tho 
season  may  be  ao  seriously  interfinvd  with  that  whole  crops  are  lost,  or  beocone 
immensely  deteriorated.  In  sugar-growing  countries  again,  the  derangement  of  wind- 
machinery  by  a  horricane  or  tempest,  may  occur  at  the  season  when  the  augar-canes 
have  to  be  erushcil  |  and  the  loss  of  a  few  days  in  crushing  the  canes  may  seriously 
damage  tho  sugar  in  respect  of  quantity  as  well  as  quality.  Upon  the  whole  then, 
whenever  the  cost  of  fuel  is  not  eicesaive,  it  ia  not  advisable  to  incur  the  outlay  of 
eitensive  works  for  secnring  wind-power.  A  very  amall  steam-engine,  kept  conatsntly 
in  operation,  is  isr  more  effective  than  a  windmill  of  mach  greater  power,  because  the 
latter  ia  so  variable  and  ancartain  in  its  action.  IThe  only  operations  suited  to  wind- 
{lower,  are  sudl  as  need  not  necessarily  be  completed  at  certain  periods,  bat  msy  be 
conducted  occasionally  as  the  wind  may  serve.  Nor  should  the  machinery  driven  by 
wind  require  very  nice  regularity  in  ita  action ;  for,  notwithstanding  all  the  ingenions 
arrangementa  for  equalizing  the  wind-force,  it  is  still  unsteady  at  the  beet. 

Every  part  exposed  to  the  wind  should  be  greatly  in  excess  of  the  strength  required 
to  resist  the  average  strMn  to  whieh  it  may  be  eipomd.  The  tempest  of  an  hour — nay, 
a  momentary  gust — may  frequently  destroy  a  windmill  that  has  stood  under  ordioary 
winds  for  years ;  as  a  safeguard  against  too  much  strain,  the  windmill  should  always 
be  left  free  to  revolve,  even  if  the  machinery  which  it  dcivea  be  thrown  out  of  gear. 
The  shaft  or  axis  of  the  mill  generally  carries  a  large  wheel,  to  whieh  ia  fitted  a  attap 
of  iron  loaded  so  as  to  press  on  its  circumference,  and  act  as  a  friction-break  either  to 
hold  the  mill  &st  fbr  purposes  of  repair  during  light  wmds,  or  to  check  its  velocity 
when  the  winds  ate  too  stroi^  for  the  woii  reqnired- 

W*t«z  Town- — The  movements  of  water  are  much  more  serviceable  for  the  pur- 
poses of  power,  and  steady  in  their  opcnttion,  than  thoee  of  air.    Inlevel  countries,  where 
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tbe  itrMmaan  slow  and  Imguid  in  their  flow,  tiiupbirer  ii  not  attAinalile ;  but  in  hilly 
ommtsriec,  wha«  tlic  riven  and  streama  bU  ireqnentlj&om  a  highlevel  to  slower,  water- 
power  it  etaily  obtained,  and  is  moat  advaiitageoui  as  a  ateadf  ineipensiTe  prime  mo' 
Tbe  moat  Dommaa  way  of  Employing  water-power  ia  to  cttuie  the  current  to  act  on 
oiimunference  of  a  large  wheel,  so  aa  to  give  it  a  rotatory  motion,  which  ia  commi 
cated  by  meana  of  absfla  ftnd  wheelwork  to  the  machinety  required  to  be  driven.  Such 
watermiUa  are  generally  used  for  grinding  or  thiuhiiig  com,  crashing  bones  fbr  manuic 
raiung  water  to  irrigate  land,  in  piining  diatricta  for  cruahing  or  otherwise  operating  01 
the  ores,  and  in  manu&ctniing  digtricta  for  working  cotton,  woollen,  or  Sax  machinery 
Water-wheeli  are  at  three  lunda,  named  according  to  the  mode  in  which  the  water 
onireDt  ia  made  to  act  upon  them : — 

1.  Underahot,  when  the  wheel  ia  fixed  over  a  stream  with  inconsiderable  fall, 
oonsiderable  velooity. 

2.  Overahot,  when  the  fall  of  the  water  is  bo  great  that  the  itream  may  be  direoted 
tipoa  tbe  upper  part  of  t^  whed. 

3.  Breast-wheels,  when  the  atream  can  be  directed  on  or  near  the  middle  or  brcM 
6>e  whceL 

1.  TAt  Uiuitnhot-witel  may  be  best  nnderstood  by  conceiving  the  action  of  the 
paddles  of  a  iteam-veaael  tereraed ;  that  is  to  say,  while  in  ■  ateam- vessel  the  pad 
are  eoosed  to  revolve,  and  were  the  veaael  fixed  wauld  produce  a  current  in  the  w 
hy  their  revolntioo,  in  the  case  of  the  ondenhot-wheel  the  natural  current  of  the  water 
pressing  oa  the  floats  immersed  in  it  causes  the  wheel  to  revolTO.  It  is  sufficiently 
clesr  that  the  power  derived  fn»n  this  anrang«ment  depends  upoa  the  intenuty  of  the 
premnie  which  the  water  Bierts  on  the  floats,  and  the  amount  of  surface  pr*tsed  ni 
If  we  suppose  the  whad  at  rest,  and  its  float  standing  vertically  in  the  water,  we  may 
easily  coaqnite  the  pressare  on  every  square  foot  of  its  snrfkce  by  ascertaining  tl 
speed  at  which  &a  water  fiowa  against  it.  This  pressure,  like  ibat  of  the  wind,  is  pro- 
portioaal  to  the  squaie  of  tbe  velocity  of  current;  fi>r  by  doubling  the  velocity  we 
bring  double  the  number  of  partjclea  in  contact  with  the  float,  and  we  also  double  the 
force  of  each  particle  in  striking  it,  so  that  upon  the  whole  we  quadruple  the  presa 
So  also,  by  taking  3  tioet  the  velooity,  wo  have  9  times  the  preMure;  and,  generally,  if 
we  know  tlie  pressure  due  to  one  velooity,  such  as  I  foot  per  seeood,  we  can  com) 
that  due  to  another  velodty,  such  as  10  feet  per  second,  by  multiptyiiiB  the  velocity  by 
itself  and  taking  the  pressures  in  those  proportions. 

By  an  investigation  of  the  mechanioal  laws  which  gorem  the  motion  of  fluids,  w 
can  aaoertain  that  the  velodty  with  which  a  fluid  flows  from  an  orifice  in  any  vessel  is 
tbe  same  as  that  which  «  heavy  body  would  acquire  by  fiiUing  through  a  height  equal 
to  that  of  the  fluid  column  above  the  orifiee.  This  is  foimd  by  the  following  i:ule : — 
Multiply  the  square  root  of  tbe  he^t  ^  feet)  by  S ;  the  product  is  the  velocity  (in 
feet  per  second).  Thus,  if  a  stone  were  dropped  from  a  precipice  100  feethi^  (neglecting 
the  reaiatance  of  the  air  to  its  fall),  its  velocity  when  it  strikes  the  bottom  would  be 
about  80  fbet  perseoond;  for  10  is  the  square  root  of  100,  and  8  x  10::::  SO  feet  per 
second.  I^  ou  the  other  hand,  we  knew  the  velocity,  we  should  bo  enabled  to  calcu- 
late the  height  of  fell  by  reverting  the  rule ;  that  is  to  aay,  divide  the  velooity  (in  feet 
per  second)  by  8,  and  square  the  result  tor  the  height  (in  feet).  Thus,  if  we  asoei^ 
tained  that  a  Stone  had  in  its  fall  acquired  a  velocity  of  80  foci  per  second,  we  should 
-reckou  that  it  had  fallen  100  feet,  for  ^  =  10,  and  10  squared  or  10  X  10^100. 
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3tt  II I  !■■  iiiwiiii  air  t.  >LaAT«OAU>. 

TIhob  nilsa  do  not  t^B  into  Boooaat  tiw  rairtaiiM  offimd  bf  dw  air  to  the  Botiatt  «f 
the  bodf  blling  tiuongli  it    In  &lliDf  Hitoo^  pMt  heighti,  thii  n 

a  thevelooi^;  bat  be  miU  Uk,  it  asf  be  nagleeted  witiiost  miterid 
enoT.  14  DOIT,  we  apply  time  eompntalira*  to  du  floir  of  «armita  of  wator,  we 
calenlate  the  beij^t  due  to  a  certain  tgIooiIj  of  omrent;  that  ia,  the  bod  of -* 
wbow  piemoe  on  itii  )ow«t  partaelai  givea  thein.tb«  Tsloaitr  in  qneation.  Tina,  if  <m 
mBanuing  the  velocity  of  a  itttem  at  a  n^id  we  fomid  it  to  b*  It  feet  per  «eoiid,  a 
16  _ 
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a  ihouM  reckon  that,  in  order  to  bave  tbia  volocity,  it  m 


be  pmaed  on  by  a  oolmnn  01  head  of  watei  i  fset  high.  It  mnit,  Aerafoie,  piMi  upon 
any  body  immcned  in  it  with  ihs  lame  force  aa  it  ii  itaelt  nbjeDted  to ;  for  it  ia  tha 
pMuliar  piuperty  of  fluid*  to  convey  preMore*  equally  in  every  direotian  thmu^  tbmi. 

It  doea  not  neccuarily  follow  that,  at  the  point  where  the  velocity  ii  meaaored,  Uttre  >• 
n  aotoal  Ul  of  4  feet;  it  ia  Bnffleisnt  that  the  water  haa  mrnewikat  Edlen  enon^  to 
kequire  the  velocity  measured,  or  that  any  forcea  whatever  have  oombined  to  give  it 
that  Tslooity,  or  to  reduce  ita  veloeity  to  that  dagraa.    The  velocity  ia,  in  feet,  the  c 

laion  of  the  result  of  all  the  fbrcei  and  reaiataneea  that  have  act«d  en  the  water  up 
to  the  point  when  it  ia  meaancod.  Having  computed  the  head  of  water  preuing,  it  ia 
eaay  to  cwnpute  the  amount  of  pressure  ^rted  on  a  square  foot  A.  eubio  foot  of  water 
weighs  eZJlba.;  therefore  the  bottom  of  a  oubiosl  box,  measdring  1  foot  every  way,  ia 
preMed  on  by  a  force  of  62}  Iba.  when  the  box  ii  filled  with  water ;  in  other  words,  th« 
presanie  of  a  column  of  watar  1  foot  high  is  S2|  lbs.  on  every  square  foot  of  bottom 
sorftoe.  'Were  the  height  of  the  edumn  increaaed,  the  preaauie  would  be  inereased  in 
like  proportian ;  every  additional  foot  of  height  would  throw  no.  additioiMl  preesnre  of 
92}  lb*,  on  every  square  foot  The  intensity  of  prssaure  (in  lbs.  per  square  foot),  then, 
is  63}  times  ths  hei^t  in  foot  Thus,  the  prusure  due  to  a  head  of  4  feet  ia  62}  x  4 
^  2W  lbs.  per  square  toot  We  nay  now  cimibiite  the  two  compatatiotui — that  for 
head  due  to  given  velocity,  and  fiiat  for  laeMure  due  to  giveo  head — into  one  rule,  fix 
detenaining  the  pressure  per  square  foot  due  to  a  given  velocity,  as  followa : — Aa  the 

are  of  8  ia  64,  whioh  doeanotmuchdiffte&om  62},  wemay,  wilhontmaterialiiiacoa* 
Rtoy,  avoid  dividing  tho  velocity  by  8  before  squaiing  the  quotient,  and  again  multi- 
plying by  62},  and  thus  have  the  vary  simple  rule. 

Square  the  velocity  (in  feet  per  second),  and  the  result  is  neaily  the  pressure  (in  lbs. 
per  square  foot).  Thus,  when  the  stream  ia  moving  with  a  velocity  of  IS  feet  per  second, 
ita  pressure  per  squaro  fbot  is  16  x  16  ^  2d6  Ibi.  nearly.  By  the  fimiur  computation, 
'e  found  250  lb*.,  leas  by  6 ;  that  is,  leia  than  ^t  part  of  the  whole.  So  for  we  have 
found  the  mean*  of  computing  the  prewure  on  a  Soat-board  at  rut,  in  a  atreani  flowing 
wi&  a  given  speed ;  bnt  in  the  case  of  an  nudorshot  water-wheel,  the  float  is  in  mo  ~ 
'iQ  the  same  diicetion  with  the  current,  and  therefore  the  relative  velocity  of  the  latter 
in  acting  upon  it  is  so  much  dimioiBhed.  The  relative  velocities  of  Uie  float  and  of  the 
current  may,  of  course,  be  varied  by  applying  more  or  less  resistance  to  the  molio 
(he  whesL  It  is  necMsary  to  know  the  relation  of  the  two  vedooitiea,  so  as  to  dsiive 
the  best  possible  effoct  from  the  current  If  we  take  a  particular  oaae,  and  try  variooi 
lelatdcns,  we  may  find  the  most  advantageous— -bearing  in  mind  that  the  remit  to  bi 

tined  is  the  maiimum  of  power  or  useftal  effect ;  that  is  to  say,  the  pressure  01 
ai^  float  multiplied  by  the  velocity  of  ita  motioii,  wbioh  product  gives  the  power  of 
thai  float  as  a  mover  of  machinery.  If  we  take  the  velocity  of  a  current  vi  6  feet  per 
second,  and  form  a  table  of  velocities  of  float  from  0  foet  per  second  up  to  6  foet  per 
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of  tiw  powert  or  produota  ot  tiran 
float,  ve  «b«U  find  the  power  g^ 
pet  H«amd,  or  Jrd  of  tiiM  of  the  (t 

Velodtj  of  Telocltr  of      ExeeHor  i 


of  theitrMiiL'eTBhKiitjoTn'tiuitof  tbeAoat,  and 

iiihiplied.bythe  com^Kn  ~ 


M  HIiiMred.   pint,  x  vdoo. 


e  result,  that 
m'l  Telocity  over  ttiat  of 


^Tcre  we  to  take  any  otlieF  velocil?  of  Btreun  we  should  fi. 
the  Tdoetl7  <Jths  flnt  should  be  ^rd  of  dutof  the  streuii, 
inoBi  effect.    If  thiarule  be  adhered  to,  the  excels  of  the  el 

the  float  u  jrda  of  itself;  uul  the  pressure  per  square  foot  woold  be  the  sqn&re  of  frdi 
of  the  stream's  Telocity,  or  tths  of  the  square  of  the  Telocity,  since  f  X  j  ^  !■  The 
pow«'  would  depend  on  the  number  of  square  feet  pressed  upon,  and  the  Telocity  of  the 
float,  and  would  therefore  be  found  by  mnltiplying  the  surface  of  tiie  float  by  {the  of 
the  eqnue  of  tile  stteam'a  Telocity,  and  the  product  by  the  fl^af  s  Telocity,  or  ^rd  of  the 
stream's  Telocity.  As  there  are  generally  sCTeral  flxtals  immersed  in  the  w 
appear  that  the  sur&ce  acted  on  is  considerably  lai^er  than  that  of  one  float ;  bat  when 
it  ia  romemheted  that  the  Tolame  of  witcr  contained  between  any  two  of  the  floats,  if 
it  press  the  one  forward  by  its  direct  action,  must  equally  pnas  the  other  baokward  by 
its  reaction,  we  cannot  safely  estimate  more  than  the  HurfMo  of  one  float  ta  really  effec- 
tive.  The  velcwities  of  cuncnts  ore  genially  reckoned  in  leet  per  second,  while  the 
Telocities  of  mOTUig  parts  of  machinery,  in  estimating  power,  are  reckoned  in  feet  per 
minute.  Taking  a  hoise-pawer  as  33,000  lbs.  lifted  ooe  foot  high  in  i 
assuming  the  circumferential  ipeed  of  an  undeishot-wheel  as  one-third  of  that  of  the 
current,  ve  may  estintate  its  power  as  a  mOTer  of  machinery  by  the  fallowing  rule : — 

Multiply  the  surface  of  the  float  (in  square  feet)  three  tJmes  by  the  Telocity  of  tl 
stream  (in  feet  per  second],  and  divide  the  product  by  3,800 ;  the  quotient  expresses  tlie 
hoiae-poirer. 

Shu. — If  T  =  Telocity  of  stream,  v^  Telocity  of  float,  p  z=  pressure  per  square 
foot  =  (V  —  w)'  and  P  =  power  =  jw  =  V  —  »1^  to  find  e,  so  that  P  may  be  a 

P  =  V^T^V  =  V%  —  2T.^  + 1^. 

*  V»  4  4  1 

.-.  i.'_^Vtf  =  — y  and  0=  — ^Vc  +  gV'=  gV. 

Hence  »  —  J  V  =:  +  JT,  or  p  =  T,  or  JV. 

^  =  —  4T  +  6p,  and  anbetituting  for  v  each  of  its  values.    . 
—  4V  +  flV  5=  2V  posittre,  giTes  P  a  minimum  wh«n  i.  =  V. 
-  4V  4-  2V  =  —  2V  negative,  gives  P  a  maximum  when  v  =  |T. 
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Siampl: — An  imdca>bat-wlieal,luTiiig  float*  2  feet  deep  tnd  10  feet  wide,  ii  aufed 

bj  H  ibeim  nmuing  >t  7i  miles  per  hour :  raqoiied  ita  pover. 

HoethenrfaoeofaftaatislO  X  2  =  20  aquara  f«et. 

The  Telocity  is  7J  milci  per  hour :  or  (u  a  mile  i«  S,230  feet,  and  an  hour  3,800 

icond*)  the  Telocity  i«  --^^-li  =  U  feet  per  aecond. 


Thept 


a  therefore  : 


20  X  11  X  11  Xll  _ 


7  Itane-parer. 

it,  la  -^  feet  per  aeeond,  or 
220  feet  per  minute.    We  may  take  tliii  as  the  apeed  uf  the  middle  part  ol 


The  apecd  of  the  Boats  bciog  jid  of  that  of  the 
11  X 


the  float ;  and  if  the  wheel  be  23  feet  in  extreme  diameler,  ita  dinmetor  at  the  middle 
of  the  floata  would  be  21  feet,  and  cireumference  there  68  feet;  if  thia  moves  at  the  n 
of  220  feet  par  minute,  the  wheel  must  moka  —  z=  3}  reTololiona  per  minnte. 

The  apced  of  a  Btream  may  be  generally  estimated  hy  throwing  on  it  a  body  ffiat 
fioota,  hut  is  immersed  eorae  depth — aa  a  bar  of  wood  loadedat  one  end  to  float  Tcrtically— 
and  watching  the  time  occupied 
by  its  passage  otct  a  cer 
known  distance.  Care  should 
bo  taken  that  the  body  fairly 
attain  the  speed  of  the  current 
before  its  motion  is  reckoned  in 
the  time.  It  is  adTontageous 
to  make  the  inner  edges  of  tbo 
floats  stand  somewhat  aboTe  the 
gcneralleTel  of  the  wafer,  which 
bccomeahcapcdup  behind  them, 
and  would  otherwise  pour  o 
the  edges  (Fig.  114).  Indeed, 
the  difference  of  level  eausedby 
this  heaping  up  of  the  water 
behind,  and  itsKoUowiDg  in  front  of  a  float,  almost  measuiea  the  head  of  water  pressing 
in  it  When  practicable,  the  atream  should  be  narrowed  to  the  width  of  the  wheel  (Fig. 
115],  as  by  this  means  not  only  ia  its  Telocity  augmented  by  fiie  necessity  of  a  certain 


body  of  water  paasing-nore  quickly  throng^)  a  diminished  channel;  but  also  the  water 
actii^  on  the  floata  is  prerented  from  escaping  ndeways  without  giTing  ita  fiiU  effect. 
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Aa  &e  TtlodtJ  of  itraam*  to  wbioli  nnderdiot-if  lieelg  ore  npplioabls  u  nerer  veiy 
great,  Bad  b»  the  velocity  of  the  floats  Bhould  not  nrach  exceed  ene-third  of  that  of  the 
■tzeam,  nioh  wheels  sni  neoeaHrily  slow  in  their  cevohitioii,  tod  ean  therefore  bo 
■pplied  irith  most  advantage  in  driving  m&chinery  vhere  qnioli:  speeds  sre  not  required; 
Vlien  it  is  neoeatary  to  convert  the  slow  revolution  of  the  wheel  to  npid  motions  in 
the  tneoIuneiT,  there  are  eonddereble  losses  from  the  friction  of  the  gearing.  For  such 
psTposes  as  that  of  working  pmnpii  or  fnlling-milla,  and  generallj  for  slow,  heavy  w 
these  wheels  aiBveryBerviceatilB.  The  principal  objection  to  tlieir  use  arises  from  the  cir- 
cumatance,  that  with  a  atreun  of  average  rapidity,  very  little  power  is  obtained  without 
a  very  large  and  combrous  wheel,  involving  oonsidorable  outlay,  and  extending  over  a 
great  bioadth  of  the  stream.  By  making  the  diameter  of  the  whed  large,  no  greater 
power  is  obtained,  except  what  may  be  attributable  to  the  more  direct  action  of  the 
water  on  the  floats,  which  enter  and  leave  the  water  more  vertically  when  the  wheel  ia 
lai^.  The  oircumferenceof  a  large  wheel  ahonld  move  with  the  tonieqieod  as  that  oi 
asmallotio;  aad,tfaerefbTe,the  greatettiie  wheel,  the  smaUermunberoftevidtttiiMa  does 
it  make  in  a  given  time.  The  only  way  of  increamng  the  power  is  to  oitend  the  surface 
of  the  floats.  This  may  be  done  by  making  them  deeper  (n*  wider.  Additiimal  depth  ot 
the  float,  even  where  the  depth  of  the  stream  permits  it,  is  by  no  means  so  efleotive  ai 
additioaal  width ;  for  a  wide  shallow  float  enters  and  leaves  the  water  with  case,  while 
•  deeper  one  proaaes  the  surface  of  the  water  down,  in  entering,  and  lifts  it  up  in  leaving, 
and  thereby  encounteta 
considerabie  rasistance 

0  ccasionally  nnder- 
ahot  wheels  have  been 
niade  like  the  father* 
ing  paddles  of  steam- 
vessels,  where  the  ^ 
floats  are  capable  of 
being  tiuned  on  pivots 
(Fig.  116)  so  as  to 
maintain   a    vertical 

podtioa  while  immersed  ia  the  water,  and  ihns  receive  its  most  direct  impulse,  while 
they  enter  and  leave  it  with  the  least  possible  i 

When  it  is  considered  that  twice  in  every  day  a  great  tidal  stream  flows  and  ebba 
along  our  coaat  and  in  oar  erinaries,  it  Is  surprising  that  advantago  has  n 
quently  been  taken  of  this  enonnoua  power  by  the  erertion  of  undershot-wheels  along 
the  courae  of  the  tidal  currents.  Id  this  country  tide-mills  are  rare ;  and  neither  their 
number  nor  magnitude  render  them  important  as  sources  of  power.  Occasionally,  how- 
ever, they  have  been  employed  with  advantage.  Where  there  is  a  great  tidal  stream, 
ajlcl  GODBOquently  a  conddcrablo  diffcronce  between  the  IcToll  of  high  and  low- water, 
flxed  wheels  would  be  almost  nsslesa,  for  at  high-water  they  would  be  loo  much 
immersed  and  at  low-water  too  little.  It  is  in  such  cases  necessary  to  mount  them  on 
a  floating  stage  or  barge,  so  that  the  whole  Twill  may  rise  and  foil  with  the  tide,  the 
amount  of  immotnon  mnaining  constant.  Again,  aa  the  tido  flows  altematoly  in 
opposite  dicoctiooa,  when  it  is  required  that  the  machinery  move  only  in  one  direction, 
it  is  necessary  that  tide-mills,  in  aoch  oases,  alunild  be  fltted  with  apparatus  by  means 
of  which  the  direction  of  movement  may  be  reversed ;  or,  where  tho  mill  is  floated  oi 
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bufe,  the  Ewinging  of  the  bar^  bytlie  tm  effMi  the  leqnind  ohauge  of  ptwtUHi  to 
rait  the  ch&nge  in  directitoa  of  the  cmrcot. 

Ifitwerepncticsbletiiiiiakeunof  thetidal  stManin  mehsiiTeTuOieTbame*, 
vitliont  intarfcring  vith  ita  luivigstion,  the  pmrer  derived  frotn  it  voold  be  eBormooa. 
If  ve  roppoM  the  breadth,  1200  feet,  oooapiad  by  tidal  miUa  nde  by  aide,  with  floate 
inunened  3  feet  deep,  the  total  float-Burfaoe  voold  be  3600  aquare  feet  in  one  Bection  of 
the  river.  The  velocity  of  CDirent  ve  may  take,  on  the  average,  aa  3  mile*  per  hoar, 
iwariyl|  feet  per  aeeond;  and  tlu  power,  aeooiding  to  our  rale,  vauld  be 

3800  '^ 

Were  iooh  milla  repeated  lit  intervala  of  220  feet  along  a  mile  of  the  rivffl',  there 
would  be  24  of  them,  and  the  total  power  would  be  86  X  2*  =  2064  horae-powet  in  a 
mile  ofthc  river's  length.  It  ii  not,  of  coune,  preaumed  th&t  such  an  arrangement  is 
feaaUe :  it  ia  only  offered  •»  an  illuatraticai  of  the  great  mechanical  power  that  might  be 
derived  from  the  natural  movsments  of  the  water  in  tidal  eatoaiiea.  In  amne  rivera, 
lueh  08  the  Khine  and  the  Seine,  barges  arc  moored  carrying  tidal  mills  of  this  kind. 
In  such  streams  the  level  doea  not  greatly  vary,  and  the  current  seta  oontinuonalyin  one 
direction,  co  that  the  power  is  applied  with  constancy  and  facility. 

2.  U*  (henhiil  Waier-K-httl  (Fig.  1 17)  has  its  cireumferencc  divided  by  partitians 

pattmenta,  or  buck- 
ets, capablo  of  con- 
taining water.  The 
spout  conveying  the 
water  to.tlie  wheel 
either  passes  over  its 
■tunoiit,  orhasacheck 
at  ita  end  (Fig.  118), 
so  as  tD  dischoi^  the 
water  into  the  buck- 
ets a  little  beyond 
the  summit  of  the 
wheel  Asthewhed 
revolves,  ea^  (ue- 
ceisive  buekct  is 
brou^lt  under  the 
spout  and  becomes 
^'  11'-  Uled  with  water,  the 

wdgjit  of  which,  acting  on  one  side  of  the  whed,  is  the  ntoving  force.  The  buckets, 
as  they  descend,  become  gradually  emptied,  and  retain  up  the  unloaded  aide  of  the 
wheel,  to  be  again  filled  and  descend. 

Such  wheels  Ore  only  applicable  where  there  is  a  oonaidcrable  fall  of  water ;  tai  the 
height  of  the  head  above  the  stream  as  it  flaws  away  from  the  wheel,  technically  called 
the  tail-water,  must  he  equal  tA  the  diameter  of  the  wheel,  or  nearly  so.  In  ovenhot 
wheels  the  velocity  of  the  water  is  no  element  of  power,  except  in  so  Ear  as  the  quan- 
tity conveyed  by  the  spout  to  the  wheel  dqiends  upon  the  velocity  with  whid  it  flews. 
If  (he  velocity  of  discharge  be  consideralde,  a  positive  disadvantage  results  fmn  the  too 
rapid  dash  of  water  into  the  buckets,  causing  it  to  overflew,  while  the  backet  mnain* 
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only  pwtUll;  filled.  It  ii  sasy  to  aee  that 
during  the  time  Thich  a  bucket  occapies  ii 
wMcli  the  bucket  wiH  bold ;  if  it 
taili  abort  of  tbat  quantity,  the 
bucket  is  only  partiiUly  filled  in 
ita  passage ;  and  if  it  much  ex- 
ceeds that  quantity,  the  ferae  of 
it»  Sow  causes  it  to  ^ssb  over  and 
become  -wasted  without  eS'e<^al- 
ly  filling  the  bucket.  The  dia- 
meter of  the  wheel  being  limited 
by  the  height  of  the  &11,  when 
it  is  desirable  to  take  advantage 
of  a  large  qoandty  of  water 
discharged  Iroia  tlie  spout,  the 
breadth  of  the  wheel  must  be  in- 
oieased,  and  the  water  in  the 
spout  caused  to  spread  itself  out 
to  a  wide  sheet,  so  as  neariy  to 
oorer  the  whole  breadth  of  the 
wheel  The  sheet  of  water 
should  alwayi  be  a  -few  inches 

1  the  face  of  the   wheel, 


he  qiumtity  of  water  isniing  from  the  qiout    i 
passing  under  it,  should  barely  exceed  that    I 


In  construetiiig  an  orershot-wheel  It  is 
lowing  points: — 


frota  dashing  ineffec~ 
tively  over  the 
edges  (Fig.  119). 
Another  point  of 
E  great  importanco- 
I  in  the  construc- 
tion of  the  buck- 
ets is  to  IcaTe  a 
passage  for  air  at 
the  inner  u^er 
angle  of  each 
bucket,  otheiv 
wise  the  bneket 
can  become  only 
partially  filled,  in 
oonsequence  of' 
the  elnsticity  of 
the  air  confined 
in  it  compelling 
the  supply-water 
to  dash  over 
the  edges  instead 
of  filling  the 
bucket 
necessary  to  give  coimderation  to  the  fol- 
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1 

fiU  the  buckets. 

3.  The  bwt  form  of  bucket  for  receiving  the  water,  and  for  retauing  it,  Qaauf^  a   | 

cooaideraWe   part 

^^ 

"J^Y^rf^-T^^i^v,. 

ofitsdescraL 

^^at^^ 

>-*-^*-"*-^i^^N^ 

3.Thebeat9eed 
«t  which  the  dr- 

V^^^^Bklc^ 

^^^SZs. 

wbed  ahould  tt». 

\m 

^ 

vt'l  so  as  to  obtain 

the  greatest  effixst 
irata  the  moring 
load     of     water 
which  its  buckets 

If  we   suppoae 

';■            j^ 

that  a  tall  of  wa. 

v^S 

tcr  about  twraity. 

m 

M 

two  feet  in  height 

aaOTerehot-wheei 
(Fig.     120),     we 

1  ^^v 

"""•■       ^ySiy 

ma^    make     tlw 

whealabont  twen- 

wffli j«atar^ 

•^      1      ^^.^•^yf  y 

ty-four    fcet     in 

jlAMmI^^^ 

^-jX—A^-^-y/C-^ 

diameter,  and  the 
depth  of  the  buok- 

^     itiMftWHl  .A  ^~> 

^L^r^^^^"^'^ 

~. 

"■  el^  measured  to- 

wards tie  centre, 

Fig.  120. 

two  feet    Divid- 

iDg  thii  depth  into  tro  equal  parts,  eacb  one  foot,  ma^cd  by  the  dotted  circle  (Fig.  J21),    | 

dividing  tlie  dream- 

tl 

ference    of   this   cii^ 

/[      / 

number  of  equal  parts 

/J    /          # 

B  B  equal  to  the  niuQ- 

ber  of  butketa  (40  in   0 

the     diagram),     and 

L    ■f^™?-. 

drawing   linea  ABA 

towards  the  centre  of 

^i 

the  wheel  through  the   0 

-"""P 

points  of  dirision,  we 

**tv       _ 

are  enabled  to  deter- 

mine  the  form  of  the 

ImcietB.     The  casing 

Y"  •(   \ 

ertendin  g  hetween  AA 

\  »n%'*^* 

is  called  the  «>le  of 

V^    \        *         .       Hg.lSl. 

u  bucket,  and  is  left  with 

a  narrow  slit  open  at  A  for  the  eseopc  of 

air  from  the  biuret 

CA)ogIc 
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vben  Urn  water  pouis  into  it.  The  board  A  B  i»  called  the  SUtt,  lod  tlia  indined  part 
BC  tlieaimof  thebacliet.  SrpastuaeBthiiincliaedpBit  is  made  in  two  parti  at  different 
degroea  of  obliquitf,  like  the  dotted  liueB  E  D,  D  E :  of  whicb  B  D  would  be  oalled  the 
1,  and  D£  the  wriat,  the  start  A  B  being  called  the  shoulder.  Tliese  names  are  doubt- 
leas  given  from  the  reaemblance  of  the  section  to  the  fonn  of  a  bent  aim.  The  whole 
citoumfeceiico  of  buckets  and  solea  is  oalled  the  shrouding. 

On  dividing  the  vertical  diameter  P  Q  of  the  mean  eirole  of  the  ahrovding  into  six 
equal  parta  at  the  points  H,  I,  J^,  K,  L,  and  drawing  hoiizontal  lines  through  H  and  L  to 
meet  the  circumference,  weobsore  that  at  the  upper  line  the  backet  is  filled,  and  there- 
fore the  weight  of  ita  contenta  begins  to  act  in  cauaing  the  wheel  to  revolve,  while  at 
the  lower  line  it  begins  to  elnpty  itaeU|  and  its  action  may  there  be  coneidered  to 
<a  whatever  eSect  the  water  maj  have  bejiond  this  point  ia  so  amall  that  it  may  be 
neglecUd  aa  an  element  of  power.  Iha  total  effuA  of  the  water,  then,  in  oaugiag  the 
wheel  U>  revolve,  may  be  reckoned  to  he  that  of  the  wught  of  water  contained  in  ten 
buckets  descending  thioogh  a  height  equal  to  two-thirds  of  the  diameter  of  the  n 
circle,  viz.  22  X  }  ^  IS  feet  neatly.  The  diameter  of  the  mean  circle  ia  equal  to  the 
height  of  fiJl;  and  we  may,  therefore,  by  taking  a  wheel  of  just  pcoportiODa,  generally 
obtain  a  deeoeoding  wei^t  acting  Ihtou^  a  vertical  height  two-thirda  of  the  height  of 
lall ;  and  the  wdg^  itself  oonsiating  of  the  oontenta  of  one-fourth  of  the  total  number 
of  buckets.  The  capacity  of  those  bucketa  for  containing  water  depends  manifestly  col 
the  breadth  of  the  wheel  or  the  length  of  the  bucketa,  as  well  a*  f&eir  wctionsl  ai 
rhe  area  of  those  in  the  diagram,  reckoning  up  to  the  level  line  bounded  by  the  ur-sUt 
It  thdr  filling-point,  and  by  the  lip  of  the  bueket  where  the  diaohaige  bef^nt,  may  be 
taken  at  little  above  IJ  equate  foot;  andwemaysuppoae,  for  facility  <KrealculatiMi,th«t 
their  length  or  the  breadth  of  the  wheel  ia  1  foot,  giving  each  buckrt  a  capacity  for  cc 
taining  I^  cubic  fbot  of  water,  wei^iing  about  TO  Iba.  The  oontenta  of  the  10  bocketa, 
therefore,  weigh  TOO  lbs.  i  andthiaweightiacouat«ittly  moving  with  the  velocity  of  the 

In  determining  the  absolute  power  to  drive  machinery,  we  must  ascerttun  the 

velocity  in  relation  to  that  with  which  the  water  flova  from  the  spout.    The  circum- 

rence  of  the  wheel  muat  move  at  such  a  rate  that  noliucket  shall  pass  the  spout  widt- 

it  being  filled  [rom,  it.    The  total  inreumference  of  the  wheel  being  T^  feet,  divided 


10  equal  parta,  wo  have  for  the  distance  from  lip  to  lip  of  each  bucket 


40  - 


neaily,  or  about  1}  foot  If  the  wheel  makes  1  revolution  per  minute,  each  backet 
paaaea  any  fixed  point  in  i^th  of  a  minute,  or  1^  second;  and  the  velocity  of  any  point 
in  the  ciicumference  ia  ■—,  about  1 J  foot  per  eecosd.  It  has  been  stated  that  the  m 
advantageoua  circmnfemntial  velocity  of  an  overshot-wheel  ia  at  the  rate  of  2  to  3  feet 
per  second.  Taking  2i  teei  per  second  fcr  the  caae  wc  are  diacussing,  the  wheel  would 
make  2  rev<dutioii*  per  minute,  and  each  bucket  wculd  paas  a  fixed  point  in  f  tha  of 
a  aecond.  As  the  water  isening  from  the  spout  has  a  certain  depth  or  thickness,  some 
part  of  the  time  of  the  buckets  passage  muat  be  deducted  in  order  to  aacertain  the  1 
allowedlbrinflnxof&e  water.  Deducting  iid  of  the  time,  that  ia  i"  from  i",  we  have 
1"  aa  the  time  during  which  the  bucket  remuna  under  the  spout  to  be  filled ;  and  in^thia 
ime  l^cabiofoat,^contentaof  the  bucket,  muat  flow  from  the  apout— that  is,  2  X  H 
=  2  J  Dubio  fM  in  1  second.  Aa  the  spout  ia  1  foot  tooad,  and  we  must  not  reckon  the 
depth  of  water  in  it  above  6  inches  or  ^  a  foot,  the  sectional  area  of  the  water<dia 
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ii  ^  a  aqnare  fcot,  thnmi^  which  2^  cubio  feet  mnit  flow  per  Meeai.  The  Tdocity  of 
rster  nnst  therefore  be  2  Xii^*i  feet  pei  seoond.  Shoold  tlie  vdoeitf  /st  the 
n  be  leB9  than  iJiU,  either  the  wheel  muit  move  mora  dowly  or  tlie  apout  most  be 
led  to  meet  it  M  t,  lower  lerel,  so  thftt  the  water  maj  ■ttain  greater  Teloei^  from 
tdditiona]  faS.  Should  the  velocity  of  &e  Etreem  exceed  thii,  either  the  whsd  mmt 
>c  permitted  to  move  more  qoiekl;,  or  it  and  the  epont  mnat  be  widened,  Mu  to  preeent 
gTGitter  capacity  of  bucket  and  rliminiiih  the  epeeiL  of  influx,  fiemirriiig  to  the  power  of 
the  wheel  vhiiji  we  luppoee  to  revolve  at  the  q>eed  of  2^  feet  per  tecond,  oc  ISO  fee 
iQte,  with  a  force  of  700  lbs.  at  ita  cinmmfraenee,  we  And  the  eibct  to  be  equiva- 
lent to  700  X  ISO  ::r  105000  lbs.  moved  1  foot  per  minute,   gSgQQ  ~  '^o^^  3i  horae- 

Had  we  eatiinated  !t  in  another  way  by  taking  tbe  quantity  of  water  isauiag  from 
le  spout,  vil.  2j  cubic  feet  per  second,  or  136  cubic  feet  per  minute,  wei^iing  about 
8840  lb*.,  and  reekomng  its  fall  or  efiective  movement  16  feet,  the  distance  deaceaded 
while  it  remains  in  the  buokete,  we  ahould  have  found  the  power  to  be  -335^^ —  ^ 
about  3f  horse-power.  Bnt  it  mnst  be  iranembered  that  all  the  bnckete  do  not  aot  wifli 
their  fiiH  leverage  to  torn  the  wheel  in  descending  tbroogh  15  feet,  being  nearer  tlie 
re  of  the  wheel  above  and  below  the  middle  level  than  when  they  paea  that  point. 
The  former  estimate,  tWefore,  of  3^  horse-power  is  to  be  taken  as  the  more  correct 

In  order  to  iseertain  what  fraction  it  is  of  the  power  aetoaUy  developed  by  the- 
deecmtof  tbewater— lliatis,  of  the  force  aecesury  to  raise  the  water  up  again  to  ^ 
level  whence  it  flowed — we  have  to  considei  that  2J  cnUe 
feet  of  water  isaue  from  the  ipont  every  second,  and  deaeead 
22  feet,  or  that  a  weight  of  2^  X  62j =to  about  140  lb*,  moves 
22  feet  per  second,  or  22  X  60  =  1320  feet  per  minute ;  or 
that  140  X  1320  =  1S4,800  lbs.  moved  tbioogh  1  foot  per 
minute.  This  is  equivalent  to  _„„  ^  rather  mora  than 
6i  horse-power.  Of  this  t^  nail  haa  been  found  to  render 
3^  horse-power,  or  about  67  per  cent,  available  for  driving 
machinery. 

It  has  been  stated  by  some  engineers,  that  as  much  ss 
70  to  SO  per  cent,  of  the  power  expended  by  the  fell  of  water 
hae  been  made  availablo  by  means  of  ovetBhot-wheela ;  but 
we  are  inclined  to  tViinTt  that,  with  the  beat  known  cocatruc- 
tiou  and  ptoportioits,  tbe  useful  effect  doea  not  certainly 
exceed  70  per  cent,  of  the  water-power. 

Of  late  years,  many  of  these  wheels  have  been  made  <d 
Iron :  the  partitioiia  at  the  buckets  are  constmoted  of  three 
iron  plates  bent  to  a  carved  fonn,  and  the  obliquity  ia  made 
ooniiderably  mors  than  in  the  wooden  ahrooding  of  fimner 
tines  (Fig.  122).  The  diameter  of  snob  wheels  ia  made 
somewhat  greater  than  Oie  height  of  fell,  so  t2ut  the  water 
istanoe  below  the  mmtnit,  when  the  inclination  of  the  bucket 
filled  at  the  summit 


^ten  the  buckets 

is  sidted  for  the  reception  <^  the  Btxeam.    Evenif  thebnc^eta 
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of  a  vhed;  anil  did  set  e«]H7  ONuetm  till  they  rwehed  the  law«slr  pnlnt,  the 
■MititHial  efibct  of  their  conteate  voold  be  of  little  adTantage,  aa  it  wonld  act  more  to 
pnU  ths  iriieel  down  on  its  bearmgB  tiuui  to  turn  it  ronniL  It  will  be  found  advaii- 
tageoDI  in  praetice  to  recbon  die  diameter  of  tbs  wheel  aa  Jth  more  than  tile  falL 
Thus,  for  a  ba  of  S4  feet,  we  ahonld  make  the  wheel  24  and  ^th  of  24,  3 ;  dlogether, 
27  feat  in  diametsr. 

tt  hai  been  reooDunended  that  the  Telocity  of  the  whed  should  be  made  dependent 
on  the  hei^it  of  Ae  &11 ;  that  ia  to  say,  that  it  should  be  ^th  of  the  yelocitj  which  the 
water  wonld  aoqnire  in  reaching  the  battom  by  free  doaoenf .  We  can  see  no  reason 
wlif  rach  a  mle  ikcmld  be  cAraerred ;  for,  as  wn  have  (brmarly  stated,  the  velocity  of 
the  ciroumfiiTenoe  dionld  be  bo  proportioned  to  that  of  the  water  flowing  from  Ihe  epont, 
that  the  bnckets  may  be  property  filled  during  their  pa»»ge.  It  is  true  that,  by  in- 
diniag  the  spoot,  we  may  increase  tile  speed  of  the  atreant  Sowing  irom  it,  and  thus 
render  a  greater  velocity  of  wheel  practicable ;  but,  bdng  limited  to  a  certain  fkll,  what- 
erer  inclination  ws  give  to  tlie  apout,  we  take  so  much  from  the  lieight  after  the 
water  is  delivered  on  the  wheel,  and  coneeqaently  reduce  the  moving  weight  on  the 
deBconding  side  of  the  wheel.  'Wo  are,  therefore,  inelined  to  adhere  to  the  maum 
formerly  received  among  millinighte,  that  the  velocity  of  the  wheel's  circumferenca 
dionld  not  exceed  3  or  4  feet  per  second,  and  that,  peiliaps,  it  would  most  advan- 
tageoualy  be  fixed  at  2  to  3  feet  per  aecond. 

The  number  of  buckets  maj  be  determinad  by  making  it  double  the  number  of  feet 
in  the  whed'a  diameter :  thua,  in  a  wheel  24  feet  in  diatoeter,  the  nmnber  of  buckets 
would  be  4S.  Aeorading  to  this  rule,  the  space  from  lip  to  lip  of  buckets  would  always 
be  about  li  feet.  Where  the  stream  in  tbe  qiont  is  wide  and  sHallow,  it  may  be  made 
less;  and  wh^ni  the  stream  is  deep,  it  ahould  be  greater.  But,  practically,  its  size 
within  a  few  inohea  is  of  no  great  importanoe ;  and  we  should  recommend  that  a  division 
of  the  ciicumferenoe  by  6,  S,  4,  or  such  numbeis  and  their  aoLtiplicrs,  should  be  made, 
■o  as  to  bring  each  division  nearly  to  18  inches. 

In  order  to  provide  fbr  the  escape  of  air  from  the  bucketa,  it  is  better  to  make  their 
width  exceed,  by  several  imjiea  tt  Meh  fide,  that  of  th«  rtroun,  than  to  provide  air- 
■lits  in  the  sole ;  tor,  by  this  arrangement,  each  of  tlie  buckets  may  be  made  to  hold  a 
oonsiderably  greater  quantity  of  water  than  when  the  lur-elita  limit  its  depth. 

Every  precantloD  should  be  taken  to  secure  a  &ee  flow  tbr  the  tail-wat«r,  as  the 
resistance  arising  &ora  the  immenion  of  the  lower  part  of  the  wheal  in  a  languid  stream 
takes  considerably  from  ita  efiectlve  force.  It  is  b^ter  to  sacrifice  a  few  inches  of  head 
by  iochning  tiie  tail-DOurse,  so  as  to  give  the  water  aoma  velocity  (at  least  that  of  the 
wheel)  in  ila  eecape,  than  to  let  it  act  a*  a  drag  on  the  wheel,  by  making  the  tiil'ConiEB 
too  neariy  level. 

3.  Sreatt-viAeel and Chomaf  BttcheU. — All desoripfioiuof  wheels. wherethe  waterii 
teeelred  on  tlieir  eirounfereooes,  fsU  under  the  denomination  of  orerfliot-wbeals,  eren  if 
the  water  be  not  shot  over  their  summita;  indeed,  according  to  the  systems  now  pursued  in 
rendering  water-power  available,  there  ia  no  case  where  a  really  o(waA«l>wheel  should  be 
adopted.  Insteadof  making  the  diameter  of  the  wheel  le«a  than  the  height  af&U,*)  that 
the  apout  conld  be  carries  over  it,  the  diameter  should  always  be  greater,  as  we  have 
described,  so  tiiat  the  water  maybe  delivered  at  some  point  below  the  summit.  Instead 
at  an  overshot-whjeel,  io  aoine  cases  an  endless  chain  of  buckets  (Fig.  123)  has  been 
employed  for  obtuning  power  from  a  iall  of  water.  In  theory,  this  arrangeiBent 
Kfn^Mn  one  liktdy  to  prove  Jsiore  efieoUre  than  that  of  the  wheel,  fbr  the  Wfs^tt 
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ined  in  tlie  bniieta,  and  tcta  witb  eooatnt  fnce  tliioiigboiit  the 
whoUdeioeiiL  Prao- 
tie«]];,  howeTOT,  the 
■LppuvtoB  ii  not  of 
to    lubatantia]    ntd 


tet  utile  wheel ;11ie 


jcdnti,  all  tobjeot  lo 
wear  and  decay  tnaa 
nut;  and  when  they 
beoome  deranged, 
the  increased  friotiOB 
and  inequality  of 
conaiiJeraMy 
'  'i  the  effici- 
ency of  the  Bppsia- 

The  breast-wheel 
is  an  airangementin- 
teimediate  between 
the  undetdiot  and 
DTenhot-wheels.  It 
conuits  of  a  wheel 
fitted  with  floats  or 
paddle-boards  round 
its  idrcumfeience, 
rertdTing  with  it* 
lowra'  part  in  a  chan- 
nel which  neariy  file 

it    Each  float  has  a 

^^^~r""==    -     ~'  '■ ^^^  back-plate  or  sole, 

FlE.  12a.  so  that  the  wheel  is 

somewhat  like  an  overshot-wheel  with  buckets  open  on  their  oui«T  sides.  Wlien  a  oon- 
aidetable  rtceam  of  water  falls  orer  a  height  not  sufflcient  to  render  an  oyerahot-wheel 
applicable,  and  yet  greater  than  would  be  required  for  an  underahot-wheel,  the  breast- 
wheel  is  applied  with  great  advanti^.  The  floats  fit  aa  neaily  as  possible,  without 
rubbing-fiiction,  to  the  bottom  and  sides  of  the  channel,  or  .iweep,  in  which  they 
revolve ;  and  that,  after  passing  the  point  where  the  water  ii  deliTered  upon  them, 
they  act  almost  as  dose  buckets,  coatainiog  a  load  of  water  which  urges  them  on- 

At  &e  point  where  the  floats  receive  the  water,  some  fbnje  arises  from  t^te  impulse 
r  Telodty  with  which  the  water  etrikee  them,  as  well  as  front  the  mere  weight  of 
their  contents.  Some  millwrights  have  thought  this  impulse  a  meet  essential  element 
of  power,  and  have  therefbre  contrived  the  spout  so  as  to  throw  the  water  on  the  floata 
with  gnat  velocity.  Others,  and  among  Hiem  Smeaton,  wboee  opimons  on  such  mittten 
are  always  to  be  recrived  with  reverence,  have  arranged  the  spouts  so  as  to  deliver  on 
the  wheel  at  as  high  a  level  as  possible.    By  this  arrangement  the  impulse  team  vdodty 
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ii  Uweoed,  but  the  height  through  vhich  tho  mtter  alterwanii  acts  by  weigkt  U  ia- 

If  ve  Enppon  that  •  oerUia  ib'wm,  flawing  with  a  Telocity  af  3  feet  per  sGcond  and 
haTing  a  &11  of  8  feel,  U  apglied  to  driving  a,  bresst-wheel  20  feet  in  diameta-,  having 
40  floats  (Fig.  134],  we  may  inquire  whether  it  be  mora  adTantag«aus  to  delirer  tha 
itieam  ti  once  on  the 
wheel,  or  to  ak^  its 
course  downwards  3 
feet  befbcB  it  meets 
the  floats.  In  the  one 
esse  we  have  the  im- 
pulse due  to  a  speed 
of  S  feet  persecond  on 
one  float  mailed  9, 
and  the  weight  of 
the  water  contained 
in  eight  etiiois,  marked 
1  to  8  inclusiTB.  In 
the  other  case  we  have 
the  impulse  duo  to  the 
inoreased  velocity  of 
stceain  nptra  one  float 
marled  7,  and  the 
weight  of  water  act- 
ing on  six  others 
marked  I  to  6  iodu- 
Bive.  Farther,  ae  in 
the  second  ease  the 
velocity  of  the  deli- 
vered water  is  greater, 

its  strenin  miut  be  shallower,  and  therefore  i^  must  strike  on  a  less  af 
the  wheels  move  at  rates  respectively  prapoitioDal  to  those  of  their 
quantity  of  water  being  supposed  to  be  delivered  in  each  case,  each  of  the  bocketa  in  the 
aeoond  wheel  muat  contain  less  water  than  each  of  those  in  the  fiiit.  Let  us  assuma 
that  in  each  esse  the  wheel  Tevolves  at  a  rate  which  makcB  iU  ciroumfecenoe  travel  at 
one-third  of  Uie  velocity  of  the  stream,  which  we  Ebnnd  to  be  the  most  advantageous 
speed  for  reoeiTing  impulse  in  the  case  of  undsnhob'wbeelB.  In  the  flist  caae  tha 
velocity  would  be  ^  :=  2f  feet  per  second.  In  the  second  case  we  mmt  calculate  &e 
velocity  of  stream  due  to  increased  lail.  The  foil  to  produce  8  feet  per  atcond  is  1  foot; 
and  adding  to  Uiis  the  3  foot  of  additional  fall,  we  have  a  &I1  of  4  feet ;  the> velocity  due 
to  which  is  S  times  iti  square  root,  or  16  feet  per  second.  Ihe  oircum£ereiM}e  of  the 
second  wheel,  then,  travels  at  the  rato  of  —  ^  6J  feet  per  second,  twice  the  veloaity) 
the  first;  and  if  in  the  fint  the  bnidfets  be  exactly  filled,  in  the  second  they  can  only  be 
half  filled,  or  need  have  only  half  the  capacity.  If  we  take  the  area  of  float  in  the  first 
case  1  square  foot,  and  in  the  aecood  }  square  foot,  the  float  maAed  9  in  the  fint  nu- 
tains  a  piesmni  due  to  8  feet  per  second  the  velocity  of  the  water  lass  by  2|  feet  per 

G.HHjIc 


u  of  float;  and  if 


340  EgmtlTED   TOWBR  aV   BSEABT-W: 


Moond  iU  OTHL  velocity;  tint  is  to  6J  feet  pci  Meond,  eqiiiT«lent  to  >  etiiawjttut 
of  K  foot  higli  on  1  Bquare  foot  of  eu^s,  about  itlu  X  62}  ^  28  Iba.  ino>riDg  M  the  fite- 
sf  !)  fbet  per  second,  or  2j^  x  60  :=  ISO  feet  per  miDnte,  iriiich  girei  a  pinrer  of 
28  X  1^  ^  4,4S0  lbs.  moving  at  1  foot  per  minute.  In  tie  second  case  tlie  float  7  is 
Bed  on  by  a  colanm  anfflcient  to  give  16  lew  by  5J,  titdt  it  lOJ  feet  per  seoond, 
vbicb  implies  a  height  of  Ijfoot;  and  this  pressing  on  i  square  fbot  gives  SSIbs. 
moTing  at  6i  feet  per  second,  equiralent  to  17,920  lbs.  movii^  at  1  foot  per  minate,  4 
es  the  effect  of  float  9  in  the  fitst  ease,  as  might  have  been  surmised,  beoause  the 
velocity  is  doubled. 

It  remains  now  to  compute  the  effect  of  &b  remaining  floats  in  prodncing  power. 
The  total  quantity  of  vater  issuing  is  S  cubic  feet  per  second,  or  8  x  62}  X  60  ^ 
SOgOOOlbs.  per  minute.  In  Qte  first  case  this  keeps  8  buckets  contimudly  fUl,  and 
raovea  them  at  2j  feet  per  second,  or  160  feet  per  minute;  ia  the  second  case  it  keeps  6 
buckets  h^f  filled,  or  3  buckets  ijuitc  fiill,  and  moves  them  at  6J  feet  per  ssoond,  ot  320 
feet  per  minute.  As  each  bucket  holds  1  cubic  foot,  or  S2i  lbs.,  the  power  of  those  in 
the  first  case  is  8  X  160  X  62^  =  80,000  Iba.  moving  1  foot  per  minute;  and  (rf  tliosc 
he  second,  3  x  320  X  62}  =:  60,000  lbs.  Adding  to  cacli  of  these  reBulto  the 
power  derived  ftom  the  impulse  of  the  ivatcr,  wo  have  in  the  first  case  84,480  llw.  movt-d 
through  I  fbot  per  minute  ^  2-54  horse-powcri  in  the  second  case  77,930  lbs.,  equiva- 
lent t« 'ii '36  horse-power.  The  result  is,  therefore,  in  favour  of  the  flrat  case ;  and  thna 
SmeatOD^B  view  of  tLe  circumstances  is  borne  out. 

If  the  ftoata  be  tolerably  well  fitted  to  tJie  sweep,  so  that  there  ie  little  loss  of  water 
by  escape  past  their  edges,  t^e  circumferential  speed  of  the  whe«l  should  be  consider, 
ably  more  than  one-third  of  lliat  of  the  stream.  A  rate  as  high  as  two-thirda  07  three- 
fourths  is  practically  attained  with  advaotl^.  When  this  is  the  case,  the  impulse  from 
excess  of  the  stream's  velocity  over  that  of  the  float  is  much  diminished,  and  the  prin- 
cipal element  of  power  is  the  load  of  the  water  contained  in  the  buckets.  If,  then,  the 
Ml  of  the  spout  be  mode  just  sufficient  to  deliver  the  water  eupidied  by  the  stream  or 
rvoir,  all  tbe  rest  of  the  faU  is  most  advantAgeonsty  applied  in  die  sweep,  can  beinf 
taken  that  sufficient  £iIL  is  left  to  cany  off  the  tail-water  with  full  velocity,  ao  that  it 

do  not  beooDe  heaped 
«p  and  retard  the  »s- 
omding  floats. 

ibi  estimating  the 
power  of  a  breast- 
Wheel,  we  may  sop- 
pote,  for  the  sake  of 
simplicity,  that  the 
water  is  delivered  on 
the  horinxital  line  of 
the  eoaixe,  and  keeps 
•U  the  bnckets,  frtnn 
that  line  to  the  bot^ 
torn,  fun  (Fig.  12fi), 
Nov  the  effect  of  the 
ng-l!S.   .  weight  of  any  bucket, 

tnteh  AS  i^  to  tnm  the  wheel,  depends  Upon  the  leverage  with  which  it  acts,  which 
would  be  mearared  by  the  length  0  B  of  the  horimntd  line  intercepted  between 
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th«  Mntn  ui4  tie  middle  of  that  tnioket.  Wew  we  to  divide  the  cirouaiiereace 
from  D  to  E  into  ■  gra«t  DUtobsi  of  equal  paMa,  and  caloulate  their  combined  effect  u 
dependait  on  tlie  leT«n|^  with  irUali  they  reipeotiTely  act,  we  should  find  it  to  be  tlie 
■ameaaif  one  weight— bearing  the  taJoe.  proportion  te  the  total  weight  in  the  cironm- 
ferenoe  D  £  aa  the  length  of  C  D,  the  radius,  bears  to  (he  length  of  the  viroumfer* 
anoe  S  E— acted  at  S.  In  other  wordi,  the  effect  of  all  the  weight  d  water  in  D  £ 
to  tuin  the  wheel  ia  the  tame  as  that  of  a  column  D  F  of  the  same  width,  and 
tbiokneas  hanging  at  D.  The  hub*  ptincipb  u  true  if  die  water  da  not  delirer  U 
the  level  of  the  ce&M;  for  if  it  delivered  at  O,  the  effect  of  the  weight  of  watcc  in 
G£  woald  be  the  eame  aa.that  of  a  column  of  equal  area  and  of  the  height  GF 
acting  at  £. 

If,  now,  we  lake  the  particular  case  of  a  wheel  25  feet  in  dituneter,  wll3i  bucketa 
1  foot  Ivoad  and  1  fbot  deep,  receiving  the  water  at  the  level  of  the  centre,  and 
making  8  tevolutioaa  per  minut^  we  may  compute  its  power,  and  the  proportion 
wbieb  itt  nieAil  effect  bean  to  the  expended  power  of  tl>e  water.  .The  buclieta 
iMing  1  foot  deep,  the  <urele  passing  through  their  middle  poiata  would  have  a  diameter 
of  34  letA,  and  therefore  a  radius  of  12  feet  and  a  eiraumference  of  76^  feet,  ■maViif^  s 
rerolutifma  per  minute.  The  water  in  the  buckets,  therefore,  moves  at  the  rate  of 
TSJ  X  3  ^  226}  feet  per  minute;  and  the  weight  of  the  column,  having  an  area 
of  I  square foot^  and  being  12  feet  high,  is  \2  X  62^  =  7^0 lbs.  The  power,  then,  is 
7S0  X  226}  ,  ^  ,,  . 
— 3^Q(j--  =  ahout  BJ  hone-power. 

The  quantity  of  vvter  required  to  M  the  bucketa  is  226}  cubic  feet  per  nunnte,  tat 

itmuat  3  timw  fill  the  iriioleciicum&renco  every  minut«;  and  as  there  must  be  con- 
siderable waste  &om  the  inaccunof  with  which  the  floati  tt  the  bottom  and  mdee  of 
the  aweep  in  which  they  revtdve,  we  may  reckon  20  per  cent,  more,  or  albigeljier  270 
aubie  fbet  pec  minute,  to  oorer  this  watte  i  that  ia,  1}  cuIhi:  feet  par  second.  If  we 
take  the  stream  at  the  spout  1  foot  wide,  and  9  inches  or  Jt^e  of  a  foot  deep,  its  area  is 
jlka  of  a  square  foot,  through  which  1}  cubic  feet  have  to  flow  per  second.  The 
vdaeity  (tf  the  water  must,  therefore,  be  6  feet  per  second,  or  that  due  to  a  fall  of 
nearly  7  inchea.  The  water  ia  working  the  wheel  has  to  descend  12  feet,  and  we  most 
allow  at  leaat  6  inches  more  of  depth  at  the  bottom  of  the  wheel  to  dear  the  floata  of 
liack-water,  and  the  total  descent  is  therefore  13  feet :  in  other  words,  in  order  to  raise 
thewaterup  to  the  proper  level  to  work  the  irtieel,  we  should  have  to  lift  270  cubic  feet 

13  feet  high  every  minute.    The  power  required  fbr  this  would  be  aaoM    — 

.=  aboot.Oi  hcTss-power.  "We  found  the  effective  power  of  the  wheel  about  6i  lio[«»- 
power;  that  is,  77  per  cent,  of  the  power  expended.'  We  believe  that,  practically,  this 
ettimato  would  bo  found  too  high,  and  that  we  could  not  depend  on  obtaining  ia  useful 
efleot  more  than  61)  io  70  per  ceut  of  the  water-power  eiponded. 

TanmlanlagT — 1^  terms  undershot,  overslujt,  and  breast-wheels  have  been  q>- 
plied  in  a  somewhat  different  way  fiom  that  in  which  we  have  used  them,  Tho  term 
uoArtiot  has  been  used  when  the  water  is  delivered  on  the  wheel  anywhere  below  the 
level  of  ita  c^itre,  and  thus  the  wheels  which  wo  have  called  irauf-whecls  wquld  be 
amoi^  the  undenitt ;  thu  term  Mtrtiat  has  been  used  in  those  cases  only  where  the 
qiout  is  actually  eanied  over  the  summit  of  the  wheel;  and  the  term  brtait  has  been 
applied  to  wheels  where  the  water  is  delivered  somewhere  above  the  Central  level.  'We 
tiiiok.  however,  that  the  classiAcatton  we  have  adopted  here  ie  more  distinci,  aa  it  refen  ' 
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lat  only  to  tile  diffbrcnt  pointi  where  flie  water  Ii  delivered,  liut  also  to  diSertracet  in 
he  constraotloii  of  the  wheele.  Thiu,  t]»  i«Min-<Ao(- wheel  Ls  that  iridcb  receives  the 
rstar-preanre  on  limple  piddles  or  floats  immemd  in  the  current,  and  u  acted  in 
la  fbrce  only ;  tlie  oivnAof- wheel  receivei  the  wttter  at  a  high  level  in  buckets  fbnned 
n  its  clreiiniference,  and  is  moved  nmply  by  tlie  weight  of  water  contained  in  them ; 
the  imuf- wheel  receives  tho  water  on  paddles  or  floats  neariy  fitting  a  sweep  in  which 
they  revolve,  and  ia  thus  put  in  motion  partly  by  the  weight  of  water  lodged  o 
between  the  Boats,  and  partly  by  the  pressure  on  the  floata  arising  tmm  the  velocity  of 
~ie  current.  The  peculiar  coostrnction  of  each  kind  of  wheel  is  adapted  to  different 
conditions  of  the  fidl  of  wat«r.  The  andotahot-wheel  is  to  be  used  when  there  is  i 
volume  of  water  moving  with  eoneiderable  velocity,  hut  with  very  little  local  ftll,  as  in 
caae  of  river  streams  and  tidal  currents.  The  velocity  of  the  omrent  of  a  river 
SI  from  numerous  little  falls,  or  from  a  continuous  inelination,  without  any  era- 
siderable  diffin-ence  of  level  within  a  limited  apace.  The  velocity  of  a  tidal  current, 
'n,  arises  from  the  pr«ssure  of  the  tidal  ware,  or  body  of  ocean  water,  elevated  above 
its  average  level  by  the  gravitating  influence  of  the  moon ;  but  this  wave  appeara  only 
■a  a  gentle  and  almost  imperceptible  inclination  of  the  water  surftce,  exeept  in  some 
estuaries,  such  os  the  Solway  Frith,  where  it  presents  itself  as  an  elevated  body  of 
water  rushing  with  considerable  velocity  towards  tho  land. 

Ilie  ovcrsbot-whecl  is  applicable  when  the  water  has  a  considerable  local  fall,  nearly 
equal  to  the  diameter  of  the  wheel ;  and  the  breast- wheel  when  the  local  faU  is  n 
great— less,  for  instance,  than  half  the  diameter  of  the  wbcel^>ut  when  it  is  of  oo: 
ndorable  volnme  and  moves  with  considerable  velocity.  In  order  to  apply  either  an 
rshot  or  a  breast-wheel,  it  is  generally  necessary  to  moke  oitensive  arrangements  for 
conducting  the  water  from  an  elevated  level  to  the  wheel,  instead  of  permitting  it  to 
.  fbllow  its  natural  channel.  When  a  stream  has  a  considerable  bill — snch  as  40  or  S(^ 
.  in  each  mile  of  ita  length— ft  dam  or  weir  is  built  across  it  at  some  eonveuimt 
position,  BO  as  to  check  ita  progress  there,  and  a  new  channel  is  fbrmed  for  conveying 
'ts  watcis  to  the  mill,  and  thence  bock  to  the  bed  of  the  stream  at  some  point  below  the 
dam.    As  the  artificial  channel  is  made  with  only  sufficient  declivity  tr 

he  water  in  auch  quantities  as  may  be  required,  it  is  thus  possible  to  obtain  at  flie 
wheel  nearly  the  total  fall  which  the  channel  of  stream  has,  estimated  fh>m  the  ptnnt 
where  the  dam  is  bnilt  to  that  where  the  tail-water  of  the  mill  re-entns.  If,  tor 
instance,  the  sbttam  in  its  natural  channel  is  found  to  have  a  Ml  of  60  feet  in  a 
this  di&rence  of  level  being  made  up  either  of  numerous  small  local  falls  or  of 
tinaous  declivity,  or  both — an  artificial  channel  is  formed  by  ita  side,  or  as  no 
the  levels  of  the  ground  permit,  having  a  oonstlint  declivity  for  half  a  mile  ar 
5  feet  of  difierenoo  of  level ;  the  water  acts  on  a  wheel  with  a  fall  of  20  feet,  and  a 
declivity  of  5  feet  is  allowed  in  the  length  of  the  tail-course.  The  difference  of  level  in 
the  channel  for'  half  a  mile — that  is  to  say,  30  feet — is  thus  made  up,  and  the  powCT  due 
to  Jrds  ef  that  fell  ia  thus  secured  for  driving  machinery.  The  cnrrent  of  the  stream 
itself  would  probably  not  have  so  great  a  velocity  at  any  place  as  to  make  it  practically 
available  for  an  undershot-wheel,  on  account  of  the  irregularitieB  of  ita  chnnnrf,  tndtite 
umerous  resistances  opposed  to  its  progress. 
HeBerroln. — Where  there  is  no  stream  of  sufficient  magnitude  1 
sary  power,  and  the  power  ia  not  required  to  be  constantly  in  operation,  it  m  usual  to 
ftmn  a  large  dam  or  reservoir  for  coUecting  the  conltont  small  tribute  of  the  stream,  so 
that  the  volnme  of  water  thns  accumulated  may  be  employed  to  drive  the  mill  as  occa- 
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■ion  nqnirv.  For  Moving  «gii<niltiiial  mehinerf,  nu^  h  thruhtag-iaaohinM^  tin* 
plan  b  TOj'  wnnmcnlr  lewxted  to.  Ths  oom  of  a  bun  ii  genenUy  thiuhed  in  the 
wintCE  ■BMon,  whan  them  i«  ths  best  supply  of  water  in  the  Btreanu  and  from  the 
dninage  of  ths  soiL  A  kuU  mill-dun  or  reservoir  callects  during  the  night  snffliueiit 
vatar  to  drire  the  mill  thtoDgh  the  foUoiring  dtty.  And  it  i>  thus  poseiblo,  even  in 
lootlitieB  There  appnenflj  no  Tater-powar  can  be  obtained,  to  ibciitb  enough  for  the 
Tork  to  be  done,  by  ezeonting  a  pn^rly  contrived  dam,  and  turrnog  into  it  the  diainage 
of  the  mmmBding  fleldi. 

When  irater  ii  qiplisd  to  manufacturing  pnrpoaea,  requiring  the  oonatant  supply  of 
laige  Tolumes  of  water,  naarroin  or  dsnii  are  lomeUmes  executed  on  ti  gigantic  icale, 
in  order  to  store  up  againat  a  aeaaon  of  draught  &e  niperfluooa  aapplf  of  rainy  weather. 
In  some  of  the  hilly  diitiieta  of  England  and  Scotland,  the«e  works  are  of  a  meet  impor- 
taot  dMTacter,  and  the  iotererte  of  large  htcal  popnlationi  are  depended  on  their  effld- 
enoy  and  permanenee.  When  the  differencei  of  lerel  in  the  district  are  conaidenible, 
nnioennu  nulla  are  woAad  snoceMiTely  by  the  same  water,  that  which  has  driven  the 
hii^ier  flowing  along  an  artiflciol  channel  till  it  arrivea  at  the  next  lower;  and  sooi 
eonatant  saocession  fbr  great  distances.  In  auch  cases  the  mill-owners  freqnently  et 
bine  to  eiaonte  woiki  fbr  the  benefit  of  all,  tuid  of  much  greater  magnitude  than  aaingle 
oapitaliat  coold  undeiMie.  By  such  arrai^ements  they  are  enabled  to  throw  immenae 
dams  or  relaining-waUi  acnM  some  valley,  and  can  thus  ooltect  in  a  vast  reserve^  the 
drainage  of  an  extensive  range  of  hills,  which  wonld  otherwise  flow  along  its  natural 
oonise  to  the  aea  without  being  turned  to  naeftjl  account  as  a  mover  of  machinery. 
WMe  Oie  rains  or  meltii^  of  the  snowa  contribute  much  more  water  than  is  required, 
the  Maervoir  ia  filled ;  and  when  the  water  in  it  attains  the  highest  level  required,  it 
is  permitted  to  overflow  into  ite  natural  ohanneL  When  the  scBBOn  of  drought  arrive*, 
the  mills,  that  would  othenriae  be  at  a  atand-atill,  derive  an  ample  supply  firom  the 
raaerrair,  extending,  in  some  cases,  over  many  square  miles  of  valley.  When  the 
depth  of  (his  reservoir  ia  considerable,  great  stxengthi  is  required  in  the  dam ;  and, 
notwithstanding  the  ingenuity  and  labour  expended  on  some  of  these  stmoturcs,  they 
sometimes  give  way ;  and  the  encrmoua  volnms  of  water  thna  suddenly  set  free  rushet 
impetuously  onward  to  the  sea,  devastating  whole  distriota  in  its  course,  destroying 
drops  and  buildings,  and  too  frequently  camdng  a  great  sacrifice  of  life. 

The  sluicea  or  valvei  for  opening  and  oloaing  the  water-channel  of  a  mill  are  gc 
tally  of  very  simple  ooostiuotion ;  they  oonsiat  of  a  plate  of  wood  or  metal  made  to  flt 
agonal  a  frsmewoA  fixed  in  tiie  channel,  and  pressed  against  it  by  the  water.  Thia 
plate  is  made  to  slide  upwards  in  grooves  fitting  it  at  each  side ;  and  when  it  is  of  large 
diniMisioDs,  It  is  raiaed  or  depressed  by  racks  and  pinions,  or  screws  fitted  with  appro- 
priate gearing.  By  opening  or  shutting  the  sluice,  the  wheel  is  put  in  motioi 
stopped  at  pleasure.  A  channel  is  always  provided  to  carry  off  the  surplus  water  to  the 
tail-course  of  the  wheel,  when  it  rises  in  the  spout  or  lead  above  the  sill  of  the  w 
channel. 

Kegvlfttots. — Tariona  oontrivanoea  have  been  applied  to  regulate  the  speed  of  watcar- 
wheels.  ThemoateSeotualisthesteam-engtnegovemor,  or oonioal pendulum  (Fig.l2S}. 
AthiottU-valve,  or  plate  moving  on  an  axisorpivota  at  its  middle,  is  fitted  into  the  lead. 
Whm  it  presenti  its  edge  to  the  ontrent,  it  offfers  very  little  obstacle  to  its  course;  but 
when  it  is  turned  into  an  oUique  pontioa  across  6t6  euirent,  it  arrests  all  the  water 
except  what  oan  paai  throuf^  the  openings  left  between  its  edges  and  the  ddes  of  the 
lead.    As  it  ia  poised  on  pivots  in  its  middle,  the  pressure  of  water  on  bm^  Unb  ia  tte 
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;  and  Otb  «■!;  tone  raqnirad  to  More  i1 

mning  tbfl  fiii^ioB  of  it<  pToti,  md  the 

tliroa^  it,  a  fona  *«r7 
TIm  gOTtnmrii  otnuwated  by: 
IsTcn  to  «  tiItb  «f  tfcii 
■ucb  a  nuniwr,  llwt  wb^  hima  too 
gnat  Teloci^  of  tbe  Tatra-wlml  Uw 
gorernoi-ball*  flj  ant  from  ttieii  sii^ 
t^  ralve  u  clowd,  oi  pMtbf  to,  and.  Uie 
anpplf  of  watca  to  tka  iriwel  iliiinlAni] 
Wbea  the  wkeel  aoma  too  dmrlf ,  the 
balli  fall  down  to  the  axii,  and  caua* 
tha  valve  to  open  ta  tbe  paiaa^  oi  a 
II  to  llie  vbtneL 

the  Theeliiiegulated'with  great  nice^, 
'  and  tha  quantity'  of  vatoi  aupplied  to 

tha  wheel  i«  aiiited  eiaclljr  to  thewoAThichithastoda.  Tb 
saving  of  teai  and  ireai  to  the  nMohiueiy,  and  a  regolaritf  of 
to  alnMt  all  n.ni-h«ni™l  opBrationi  than  variationa  in  veloci^. 

The  power  which  can  be  derived  Eioin  a  givai  ttream  of  watm  may  be 
Willi  tderable  accoiacy.  Wheo,  by  levelling  the  gn>und,  it  ia  aacertained  how  mocb 
fall  may  be  aecured,  rn^^'"g  ample  allowance  for  the  declivity  of  chmnBl  U  and  horn 
the  intended  wheel,  the 
TtdonN  of  water  delivered 
in  a  certain  time  ia  to  be 
oompnted  by  meamring 
the  area  ot  the  axisCing 
<'hfT'"'''i  and  the  velocity 
with    which    the   water  Hg.lK. 

SowB  thnnigh  it.  The  area  of  channel  mi^  be  found  by  diapyiag  a  plumb-line,  at  o»- 
merou*  equal-meaimcd  intervala,  acroaa  aomepartof  the  ckaimiiwheie  the  water  mevea 
with  ttderaUy  eqoable  veloci^,  and  tracing  oat  the  aeclton  aeooiding  to  the 
menta  lo  taken.  The  area  can  thea  be  ealoulated  by  like  ocdinaiy  rale  for 
of  mpeidciea :  lor  example,  if  the  total  width  of  the  aor&ce  of  the  atcean  be  S  feet,  and 
(he  BonndingB  token  at  every  toot  be  thow  marked  in  Fig.  137  (in  feet  and  fcaotioas  of  a 
foot],  the  art»  ia  tjie  sum  of  all  those  deptha,  viz.  S  square  feet  The  veloaity  of  the 
oturent  may  then  be  aaceclainod  by  throwing  into  it  a  floating  body  at  avne  distanca 
above  a  marked  length  of  channel,  so  that  beforo  it  floata  within  the  nuige  of  the 
msiked  distance  it  may  have  attained  the  apeed  of  the  ouirent  The  time  of  iti  passage 
over  the  marked  distance  maybe  then  observed  by  a  atop-watch.  We  may  assume,  for 
inatance,  that  tbe  marked  distance  ia  20  feet,  and  that  the  SoatiDg  bedy  occupies 
5  ieconda  in  passing  this;  we  conclude  that  ita  velodty  is  -g-  ^  4  fcet  per  second. 
We  must  not,  however,  assuoe  this  to  be  the  veloci^  of  the  wbols  atream,  fai  at  tha 
bottom,  and  particularly  at  the  shallow  sides  of  the  channel,  the  frietion  of  the  water 
OB  tlie  rough  surface  considerobly  retaids  it.  The  e&ct  of  this  retardation  may  be 
often  obeerred  apm  a  streak  of  foam  ^reading  across  Ihe  channel,  the  Biiddle  part 
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t^uUy  BBil  hrrnHnfl  am^  &om  Un  nide  foitionf,  wliioh  k 

«nM«d  ta  move  baekviidi  bjUie  eddyiog  o«nenta.  ^u  a  ihallov  itream,  Uie  that  in 
the  «Me  w«  kftve  lap- 
peaad,ire  (honld  not,  pei- 
hifi,  be  Bab  in  Msnmii^ 
mwe  thaa  liaif  t^  nuildlo 
nufiMs  ipecd  m  t^  av«- 
^>nge  of  the  irfkoU  dzeui, 
My  3  feet  per  seoond. 
MultiplriDg  this  by  the 
we>,  vc  find  that  6  X  3 
^  16  cnbio  feet  of  water 
per  •coond  ia  deliTOMd 
by  the  itrMm.  Having 
levelled  the  gnmnd  in 
the  neighbMiriuKid  0^  tbe 
abeam,  we  find  that  by 
building  a  dam  4  feet  bi^ 
at  A  (Fig.  128),  and  ex- 
cavAtiog  a  obanndwilli  a 
goitle  declivity  to  B,  a 

and  theooe  into  the  bed  (d  tbe  itream,  wo  can  get  a  fall  of  IS  foet  at  the  min-irheel, 
allowing  fer  deolivity  of  uhannel  from  A  to  B,  and  a  proper  fall  for  the  tail'Vater  &om 
B  to  die  •twam  at  D.  We  ihould,  thei«fate,  have  IS  cubic  feet  of  water  per  tecond 
feUiogdoim  IS  feet  of  vertical  height  aa  our  moving  power.     To  Hit  thia  quantity  ap 


tiie  height  of  its  fell,  we  should  reqoiri 


16  X  60  X  62i  X  IS  _ 


27  horee-powra'.    By 
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a  proper  airangemeni  of  wheel  wo  may  expect  t«  aecuro  about  J^ida  of  this  for  e&otive 
wMiing  power,  which  we  ahonld  therefore  estimate  at  27  X  I  ^  18  hone-power.  A 
aluice  would  bo  fitted  *tiKM»  the  lead  at  E,  «o  ^lat  the  wat«r  might  be  excluded  from  it 
ioT  puipoeea  of  cleaning  or  repairing  the  cbennet ;  and  the  proper  aluioe  and  regulating 
valve  would  be  fitted  at  the  mill  with  a  sluice  and  waste  water-couise  C  for  emptying 
the  lead  when  the  entering  sluice  at  E  is  closed. 

fib  Iiirbine-alu*l.~Wbm  the  volume  of  water  is  small,  hut  the  &11  eonudeiable,  ai 
^patatoa  sailed  a  turbine  ia  frequently  applied  with  great  advantage.  The  principle  of 
its  action  is  similar  to  tJiat  of  tbe  wcdl-hnown  firewoA  called  the  Catherine-wheel,  oi 
the  revolving  jet  sometimes  api^ted  to  fountains.  For  a  considerable  pmod  it  has  be«s 
knowBaaaphilosephioaltoy  ealledBarker'smill.  This  ctnuiala  of  a  vertical  tube,  w' ' 
two  boriioDtal  braoches  closed  at  the  end,  mounted  en  a  vortioBl  axis  on  which  it  can 
freely  revolve  (Fig.  129).  Near  the  ezttetnity  <tf  the  hotiiontal  uma,  hoka  A  A  are 
made  on  opposite  lidea ;  and  when  watw  is  poured  into  tbe  upper  port  of  tbe  tube,  it 
flows  through  tbeee  holes,  uid  mokee  the  aims  levolve  in  the  oppomt«  direction.  Tbt 
cwue  of  their  metian  may  be  very  simply  explained.  If  we  snppoae  the  apparatus  at 
rest,  and  the  boles  closed,  when  the  tube  and  arms  are  filled  wiOi  water,  every  aquare 
ineb<rf'tlieinn«rear6weof  tbeae  arms  UeqOilly  pressed  on  by  the  eolnmu  of  water  in 
tbe  vertioal  tube ;  for  it  ia  the  property  of  ftuids  to  eonununicate  preaauie  equally  in 
all  directions.    Under  these  ciroumttanceB  there  is  no  tendsney  to  prodoca  nMltian  in 
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■117  direction ;  Imt  if  thehdei  A  A  be  (^ened,  tlien,  wluls  the  preMora  on  oaaiiAaOt 
tlie  tabs  B  temain*  the  loins  ■■  before,  that  on  the  othet  is  lenraned  by  m  much  ai  '' 
niT&ce  ii  diminiihed.  If 
■appose  each  hole  to  Imva  «n 
area  of  one  sqiuiQ  inch,  then 
eadi  lide  of  the  tube  B  soBtai 
a  preaeim  on  one  aqnare  in 
more  than  the  other  side; 
other  woidi,  then  ie  a  preeei 
on  B  eiceedii^  that  on  A  b; 
that  doe  to  the  area  of  the  h<de 
in  A.  Una  ^xem  of  pnamie 
caiuea  motion  in  the  direction 
in  which  it  acts — that  is,  oppo- 
dte  to  the  flow  of  the  i 
iaaoing  front  the  h<dei ;  and  the 
fowe  of  Ae  n 
upon  the  amonnt  of  unbalanced 
area  in  each  ann,  and  the  in- 
tensity ^  pressure  npon  it. 

In  the  dmple  Barker's  mill 
there  is  consideiaUe  loss  of  power 
from  impediments  to  the  flow  of 
the  Wats'.  The  water  deaoend' 
ing  the  tube  with  oinwderable 
A  speed  is  anddenly  arrested  at  O, 
[V    and  spread  oat  ktoiallf;  loaing 


Fig.  129. 


speed  in  issoing  from  the  ludea 
AAj  and,  &rther,  a  oonnder- 
able  part  of  the  power  ia  e 
pended  in  giving  the  water 
circolai  notioii  as  it  paaKs  along  the  atms.  A  certain  weight  of  water,  as  for  instance 
2Ib«.,  having  descended  the  tube  to  0,  has  mcmlyTertical  motion;  half  of  it  (lib.)  hi 
suddenly  to  be  turned  at  light  angles  along  eooh  horismtal  branch,  and  is  immediately 
put  into  dreular  motion  with  the  arm  in  ita  roTolution,  as  well  as  dit«ct  notian  along 
dieaim.  The&utheritflowi  along  the  tube,  the  more  rapid  is  ita  drcnlar  motion;  forif 
we  take  any  points  Di  Bj  along  die  tube,  and  traoe  oirclea  through  them,  we  observe 
that  the  dreumfbninces  trftheaeoirale*  increase  as  their  radii ;  and  as  each  of  the  oinr 
ferenees  is  paased  over  in  the  same  period,  the  timeof  arevolation,  the  oireolar  Telocity 
of  the  water  at  cash  point  increases  in  likepivpOTtioo.  In  order  to  obviate  these  defects, 
the  form  of  the  tube  and  ita  arras  ia  modified.  Thus,  the  arms  turn  from  the  vertical  to 
the  horizontal  direction  by  a  gentle  curvature,  as  seen  in  the  section  (Fig.  130),  gra- 
dually ehan^ng  the  vertical  movement  of  the  water  into  a  horizontal  movement  widi 
little  loss  of  force.  And  again,  the  arms,  of  which  there  maybe  any  convenient  onmbro, 
I  horizontally,  as  seen  on  the  plan;  so  that  while  they  revolve,  the  water  contained 
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a  straij^  Hue,  iiutead  of  beiiig  nrept  round  in  a 
Abe  madeof  rachanaTeautopennittheiaiaeof  the 


in  thom  ii  really  moving  almost  in 

Aw  the  motithei  ot  ihc  ai 
water  at  tba  proper  Tdodt;'  doe  b 
if  tl]«7  are  made  too  small,  leis  irater  paaaea 
Qiem  thao  can  be  supplied,  and  the  machine 
is  not  so  powerful  sa  it  miglit  be  with  the 
given  snpply  of  water.  I^  on  the  other 
hand,  the  mouths  are  made  too  large,  die 
velocity  of  tlie  LwniDg  water  is  diminiBhed ; 
lad  the  pregfure  on  tho  opposite  aidei  of 
the  tama  lending  to  drive  them  round,  is 
diminidied  with  it.  The  area  of  the  mouths 
being  dedded  nccordinf  to  the  quantity  of  r 
water  and  its  velocity  finm  vertical  &11, 
the  amu,  are  made  to  taper  gradually  to 
diat  area,  so  that  the  velocily  of  the  water 
may  gradually  increase  to  suit  the  gradually 
diminished  area  of  its  channel,  as  it  would 
naturally  do  during  its  vertical  descent. 
Due  consideration  having  been  given  to 
these  points,  as  well  as  to  the  beet  mechani- 
cal arrangements  for  strength,  durability, 
and  economy  of  execution,  the  machine  be- 
omnes  a  turbine,  practically  applicable  in 
manjcases  widi  great  advantage,  M.  Foor- 
neyron  in  France,  and  Mesan.  'WTjitelaw 
and  Stirrat  in  Scotland,  have  executed  many  j 
of  these  machines,  and  made  interesting  o: 
periments  on  their  power  and  the  best  modes 
of  constructing  dicm.  Their  simplicity  and 
efficiency,  and  the  small  space  they  occupy, 
give  them  an  advantai^  over  water-wbeoU ; 

and  it  is  said  that  flicy  are  capable  of  de-  ^-  ""- 

riving  from,  a  fall  of  water  qfaite  as  much  effective  power  as  wheels  of  the  best  on 
tion,  even  if  the  volume  of  water  be  large.  Experiments  conducted  by  Harin  in  France 
lead  to  the  conclusion  tiiat  turbines  are  actually  more  eSbctiTe  tban  wheels  under  similar 
circnrartanceB,  the  useful  effect  averaging  fcom  70  to  78  per  cent  of  the  power  of  tfie 
water.  It  has  been  fouud  that  even  the  immcision  of  the  arms  to  a  depth  of  several 
feet  in  water  doca  not  materially  afflict  their  action ;  so  that  even  greater  height  than 
that  of  the  fall  meflanrcd  to  the  level  of  the  lail-wBt«r  can  be  taken  advanti^  of. 

In  estimating  the  power  that  may  be  derived  from  a  given  tidl  by  means  of  a  tui^ 
bine,  ftha  of  the  power  required  to  raise  the  water  up  again  may  be  reckoned  as  the 
useful  eSbct,  Thns  if  the  volume  of  water  be  16  cubic  feet  per  second  and  tl 
16  X  80  X  6'  ■ 


IS  fbet,  the  power  required  ti 


t  would  be  - 


33000 


power ;  and  the  power  of  the  turbine  lo  drive  machinery  may  be  ti 
about  20  horse-power. 


—  ^27  hone- 
in  at  Jtha  of  27, 


M9  BUIOro  WATBK  F<»  nMOUIOK. 

It  is  probable  that  tarlnBai  will  is  BtUij  cum  take  tlie  place  of  -wala-wheela. 
They  are  aa  yet  comparatiTely  norel,  and  not  iriilBly  known,  or  looked  on  -with  preja- 
di*e  i  but  aa  imptoremenla  are  gradually  made  in  thair  oooatittotMa  aad  adftptiitidn, 
and  ai  tbey  became  more  common  in  their  applicatioii,  the>e  prejudieea  will  doubtkaa 
give  way,  and  no  longer  interfere  with  fhe  extended  uw  of  a  naipie  and  elegant  apps- 
tatus,  imtead  of  tbe  large  and  cnmbrouj)  wbeela  now  generally  luad.  For  tegulutiog 
motion  of  turbinea,  anangemenia  may  he  made  Btmilar  to  tboae  lUed  for  govemiog 
water>wiieels ;  llie  ^nastity  of  vatec  aupplied  to  the  turbine  betng  regulated  according 
to  the  apeed  required,  and  the  work  to  whidk  it  ia  i^lied-  The  power  of  Iho  turbine 
la  found  to  be  *ery  nearly  proportional  tfl  the  quantity  of  water  paaaing  through 
10  that  havijig  found  its  maximum  power,  m  the  greateat  quantity  of  water  that  it  will 
ise,  we  can  employ  J  or  jtha  of  that  power  by  teduoing  the  supply  of  water  to^or  ftha 
of  the  maximum. 

OwLtrtTancea  for  Raimlng  Wfttax. — Before  quitting  tbe  (ubjeot  of  water-power, 
re  may  notice  Home  contrivances  by  which  a  Toliaae  of  water  is  made  to  raise  a  smaller 
volume  to  a  greater  height  for  purposes  of  irrigation  or  tbe  like.  The  umplest  of  theae 
is  the  Persian  wheel.  A  breast  or  underabot-whcel  of  Qu  ordiaary  kind  has  a  number 
of  booketa  hung  on  pivots  to  its  circumference  (Fig.  131).    These  buckets  dip  into 

water  at  their  lowest  lerd, 
and  being  filled,  are  earned 
Dp  one  side  till  they  come  in 
contact  with  the  aide  of  a 
spout  fitted  near  tbe  suaunft 
ofthewheeL  Tbejaroeanted 
over  by  tliis  spout,  and  dis- 
chai^  their  contents  into  it, 
to  be  conveyed  away  fbt  tlieir 
required  purposee.  The  empty 
buckets  descend  cm  the  oUnr 
side  to  be  again  filled  a 
lifted  as  before.  Thus  due 
force  of  a  stiesm  hsving 
inconaideraUe  Ckll  is  made 
to  lift  a  certain  quantity  of 
waternearly  the  whole  hei 
of  the  wbeeL  The  power  of 
the  wheel  is  expended  on  ' 
j^  jj,  ing  a  coutinnoua  weight  of 

filled  buckets  up  one  side ; 
the  qistttily  of  water  contained  in  them,  as  well  as  the  height  to  which  it  is  lifted,  de- 
d  upon  the  size  of  t}ie  fiuata  of  the  wheel  and  the  pressure  of  the  stream  npon  them. 
We  may  suppose  a  whecL  20  feet  in  diatneter,  with  floats  S  feet  broad  and  I  ft.  6  ins. 
p,  worked  at  the  cireumfereutiid  veiodty  of  4  feet  per  second  by  a  stream  flowing  at 
the  rate  of  13  feet  per  second.  Subtracting  4  from  12,  we  get  S  foet  per  second  u  tJie 
ess  of  velocity  of  (he  stream  over  thst  of  the  float  of  the  wheel ;  and  the  pressure  due 
hat  excess  is  (i  or  1  squared)  that  of  a  ndumn  of  water  1  fixit  high.  Tbe  area  <^ 
the  float  is  8  X  IJ  =  12  square  feet  i  therefore  the  total  pressure  on  the  float  is  eqaivar 
lent  to  12  cubic  feet  of  water,  and  it  moves  at  the  velocity  of  4  feet  per  second,  OT 
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240  &et  per  ninnte,  giTing  the  Mme  foroa  m  240  X  12  =  28S0  oubio  fast  of  water 
lODved  I  ioot  per  miBate.  We  mtj  dsdact  jid  of  thii  to  allor  tot  Tariom  Iomm,  lluu 
iMinng  ta  •ffinttTe  pomr  equi-nlant  to  1920  eotne  bst  of  water  lifted  I  foot  high  per 

ute,  or  "5^-=  86  cubic  feet  liflcd  20  feet  {the  height  of  the  wheel)  per  minute. 
As  the  wheel'!  ciFcnmicranoe  toky  be  taken  at  60  feet  moving  at  the  nte  o^  120  feet 
per  ntiuute,  the  wheel  make*  2  rertdationB  per  minute,  and  therefore  twiee  in  every 

Lite  lifts  the  ooateata  of  all  its  bueketi,  amounting  to  96  outrio  feet,  ai  ve  found 

'e.  Thebui^elamay  therefore  altogether  cotil«iit4B  enbic  feet;  and  if  llteii  number 
be  24,  each  may  have  a  capacity  of  2  oabio  feet  If  ws  estimate  the  quantity  of  water 
acting  on  the  wheel  bb  the  area  of  the  float  multiplied  by  the  velocity  of  the  stream,  it 
l^pean  that  S  ft  X  1^  it.  X  12  ft.  =  144  cubic  feet  pesan  per  second,  or  144  X  60 
=  S640  cubic  feet  per  miaitte,  of  whioh  06  or  ^ith  part  is  lifted  20  feet  high  by  the 
wheel  which  it  movea. 

The  hydmUio  ram  is  an  ingenioua  contrivance,  by  which  a  small  Ml  of  a  consider- 
able body  of  water  u  mads  to  raiae  a  much  smaller  votmne  of  water  to  a  oousiderable 
height.  From  a  reserroir  of  dam  A  at  the  hei^t  of  a  few  feet  above  the  lower  level  of 
the  stream  at  B,  a  large  pipe  conducts  the  water ;  thii  pipe  has  an  aperture  D  on  its 
upper  sido  near  to  its  luviv  end,  and  the  aperture  is  etosed-by  a  valve  (yaHii%  upwarda 


into  an  air-v«wd,  btm  whidi  a  small  pipe  F  leads  to  a  cistern  at  a  level  conMderablT 
above  that  of  A.  At  the  lower  end  of  the  inclined  pipe  there  is  a  hinged  valve  E, 
opening  inwards,  and  kept  open  by  a  weight  flied  on  a  lever  projecting  from  the  valve. 
This  weight  is  adjusted  nioe^,  so  as  to  counterbalance  the  preamro  of  the  water  m  the 
■urface  of  the  valve  E,  bnt  not  greatly  to  exceed  it.  When  the  weight  opens  the  valve, 
the  whole  of  the  water  in  the  indined  ppe  C  begins  to  flow  downwards,  and  issue  at 
the  opening  made  by  the  valve  at  E.  Having  acquired  a  certain  velocity,  it  presses 
with  gmater  fbroe  on  the  valve,  and  closes  it  in  opposition  to  the  weight,  thereby  com- 
pletely »rre«ting  its  own  flow;  hut  the  momentum  of  the  large  body  of  water  flowing 
along  the  pipe  C  oamiot  be  suddenly  deatroyed,  but  must  expend  itself  somewhere.  It 
tberefois  lifts  the  small  valve  D  with  oonsidsrable  force,  and  part  of  it  flows  into  the 
air-YGMel  and  up  the  pipe  F.    The  momentum  being  thus  absorbed,  and  the  water  in 
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die  pipe  C  having  become  itill,  the  ■nlre  E  again  ia  opened  bj  the  veigM.  M>'  ^ 
operatian  U  repeated.    Thna,  hy  tlie  alternate  opming  and  doamg  of  the  Talre  E  under 
the  qtuceoent  and  inovinf  preaauiee  of  the  water,  a  certain  portion  of  the  water  ii  foiMd 
up  the  pipe  F,  and  i>  fo^Tented  front  retumiog  by  the  clooing  of  the  valre  D.    The 
object  of  the  alr-veuel  ii  to  provide  an  elastic  ipring  for  the  water  propelled  upwaida : 
eroy  time  that  the  water  ia  injeoted  into  it,  the  air  in  ita  upper  part  ii  compreaaed  into 
a  emaller  apace ;  and  being  per&cQy  elastic,  tanda  to  resume  ita  toaaec  volume.    It 
thravforeezertaaprcMureonthe  water,  and  continues  ita  flow  along  the  pipe  F  during 
the  interraU  Uiat  elapse  between  the  socoewive  dieebarges  through  the  valve  D.    In 
cstimatiDg  the  power  of  this  apparatus  to  rsise  water,  we  may  suppose  it  arranged  with 
the  flow-pipe  vertical  instead  of  inclined,  as  it  ia  uinallr  made  for  convenience,  the 
piindple  not  being  altered,  bat  die  details  of  calculation  simpUfled  by  the  vertical 
arrangement  (Fig.  133).    We  may  siqipMe  that  the  height  from  the  valve  to  the  «iit^ 
&oe  of  the  water  in  A  ii  4  feet,  and  tbflt  the  area  of 
the  valve  E  i«  1  tquaie  foot.    The  preaaute  on  the 
valve  is,  therefore,  the  weight  of  4  cubio  feet  of  watcx, 
namely,  4  X  62^  =  £60  Iba.    The  eSect  of  the  weight 
to  lift  the  valve  by  means  of   iti   lever   must   be 
somewhat  greater  than  this.    If  the  valve  could  be 
suddenly  lifted  so  as  to  leave  an  opening  to  the  full 
extent  of  its  area,  1  square  foot,  the  water  would 
descend  in  C  at  lie  rate  of  16  feet  per  second,  the 
velocity  due  to  4  feet  head ;  but  as  the  valve  opens 
graduijly,  and  ia  only  opea  for  a  short  time,  and  that 
not  'u  ita  full  extent,  we  may  lake  the  velocity  of  the 
descendiug  colunm  at  not  more  than  ^th  of  this  rate ; 
that  is  to  say,  at  *  feet  per  second.    When  this  move- 
ment enauea,  the  valve  is  pressed  oa  not  only  by  the 
wei^t  of  the  column  above  it,  aa  before,  but  also  by 
the  weight  of  such  a  cclomn  as  is  due  to  a  velocity  of 
i  feet  per  second,  which  will  be  fbund  by  calculatitm 
to  be  Jth  of  a  toot  high,  adding  62J  X  i,  aboulISi  lbs. 
^'      '  to  the  load  on  the  valve.    This  additional  load  over- 

come* the  leverage  of  the  weight,  and  closes  the  valve;  but  the  column  of  water, 
1  fiwt  in  area  and  4  feet  high,  contained  in  C,  amounting  to  4  cubic  feet,  is  thus 
arrested  whilst  moving  at  the  rate  of  4  feet  per  second ;  and  its  momentum,  which  ia 
equivalent  to  that  of  4  X  4  =  16  cubic  feet,  moving  at  1  foot  per  seoond,  or  1  cubic 
foot  at  16  feet  per  second,  must  bo  given  out  a«  a  force  propelling  the  water  along  the 
small  pipe  at  the  aide.  If  we  suppose  that  this  pipe  oommnnioalw  with  a  oistara  36 
feet  high,  the  velocity  due  to  that  height  is  4S  feet  pet  seoond;  and  the  momentum  of 
I  cubic  foot,  moving  at  16  feet  per  second,  being  equiralent  to  Jrf  of  a  cubio  footmoving 
at  48  feet  per  hour,  we  should  expect  that  this  ^uanti^— Jid  of  a  cubic  fMt— would  be 
propelled  upwards  to  the  high  cistern  at  each  dosing  of  like  valve.  We  must,  however, 
recollect  that  the  momentum  of  the  laigar  vdume  has  not  emly  to  balance  that  of  tlw 
smaller,— it  must  considerably  exceed  it,  because  it  has  to  lift  the  valve,  to  give  the 
motitm  upwaids  to  the  column,  to  overcome  Miction  in  the  pipa  and  other  impedi- 
ments, andupoQ  the  whole  may  be  recl(»ied  effective  to  the  extent  itf  not  more  than  jtii 
of  its  eatimated  force.    We  may  estimate,  then,  that  Ath  of  a  cubic  fiwt  is  propelled 
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up  to  Iha  high  cittern  ^  the  deMWiU  of  4  eubiB  taet  thraugli  4  feet  from  the  lorer 
antem.  Should  the  actioD  itot  lut  m  loog  ■■  ■  wcond,  a  mailer  Tolmne  will  descend, 
and  &  pi^oitioiully  imaUei  qnantilT  wit)  be  wot  apT«id«,  and  cooTonelf;  but  the 
luimber  of  tiaie*  lAe  deteent  and  aioent  t&ke  place  in  a  giTen  period  will  be  greater  oi 
lew  aoooidiagly. 

-  We  haTB  pnsmited  thii  ulculatioa  only  as  a  roogh  tqipioiimatian  to  the  pnotical 
Ktaltm.  Ve  are  not  aw*M  that  any  caieMly-conduoted  experiments  with  hfdraalie 
nma  have  baea  giTeu  to  the  world,  and  we  therafbre  do  not  Tonture  to  otbt  anj  eiti- 
male  as  a  g;uide  for  piaotioe ;  bathaTemerelf  diaciuacda  cate  with  the  view  of  opening 
the  qneationi  that  hare  to  be  coniidered  ia  dealing  with  Buoh  appantua.  In  many 
•itoationa  wlkero  it  may  be  desirable  to  raise  water  for  the  puipoee  of  ornamental  fountoiiu, 
or  of  domeatiD  supply,  the  hydranlie  ram  ia  applicable  with  great  advantage.  A.  neigh- 
bouring stream  may  be  dammed  to  a*  to  provide  a  &11  of  a  few  feet^  if  it  baa  not  suffi- 
eitatlooal&llnatnnlly;  and  tha  appaiMua  onoe  Axed  and  properly  adjusted  will  omi- 
tinue  efictLve  fin  a  long  penod.  It  is  ezoeedin^y  simple,  entirely  self-acting,  and 
■aldon  liable  to  derangemrat,  if  oare  be  t&ken  to  fix  gratings  on  the  pipe  «o  that  dirt  o 
ex&aneotu  matter  of  any  kindioay  be  prevaitcd  fiom  iotoriiaring  with  the  action  of  the 

3.  WklcM  Mki  XUMtloUy  af  BttdlM.— Ihe  gravitating  attractioa  which  the 
earth  eierta  on  bodies  near  ita  surface,  and  the  force  with  which  elaalio  bodies  tend  U 
reoume  the  eonditioD  from  which  they  have  been  witiidrawu,  are  frequently  employed  for 
giving  motion  to  macbinery,  cMefiy  when  the  power  required  is  amall,  but  eiatedfor  con- 
siderable periods.  Weight  and  eUstioity  are  not  resLy  sources  of  power ;  they  ratha 
afford  the  means  of  atorlng  up  efforts  of  short  duration  for  subsequent  use  during  longer 
periods.  Befbre  a  body  can  act  by  it*  weight,  it  must  be  lifted  to  the  height  whence  it 
bai  to  descend ;  and,  in  the  same  way,  beloce  a  body  can  act  by  ita  elaaticity,  ita  condi- 
tion must  be  changed  to  the  extent  through  which  it  hai  sfterweids  to  return.  Thus,  in 
winding  up  a  clock  or  watcb,  as  muoh  power  ia  exerted  aa  is  afterwarda  given  out  by  the 
weight  or  spring  in  moving  the  machinery  with  which  either  ia  connected.  The  weight 
of  the  dock  and  the  spring,  of  the  watch  aro  merely  instruments  for  absorbing  at 
moment  a  certain  amount  of  power,  and  giving  it  out  by  degrees  afterwards.  The 
aimpleal^  and,  it  may  be  Mid,  the  only  general  mode  of  employing  the  weight  of  a  solid 
body  to  gifs  impulse  to  roaohinary,  ia  to  attach  it  by  a  chain  or  string  to  a  cylindrical 
barrel  momited  on  bearings  at  some  height  from  the  ground,  and  connected  by  gearing 
with  the  maehinery  which  it  i*  intended  to  move,  The  barrel  being  caused  to  revolve  Iiy 
hand,  or  any  other  oonveuient  power  applied  to  it,  the  itiing  ia  wound  round  it  and  the 
wei^lt  raiaed  from  tlm  ground.  When  left  to  itself,  the  weight,  attracted  again  towards 
the  earth,  dsacenda,  oawinding  the  atiing  &om  the  barrel,  causing  it  to  revolve,  and 
thus  giving  the  neoeaaary  impulse  to  the  machinery.  DidUie  machinery  offer  noitdst- 
anoe,  the  weight  would  alwaya  descend  with  a  speed  accelerated  at  every  moment  of  its 
descent  by  the  ctailinued  action  of  gravity,  which  exerts  aa  much  influence  on  a  body 
in  motion  as  on  one  at  rest.  In  dropping  a  etone  from  a  considerable  height,  whatever  be 
its  wei^d,  weflnd  that  during  the  fliat  second  of  its  descent  it  acquires  a  velocity  ol 
£eet  per  second.  Its  veloci^  at  llie  oonmtenceniont  was  nothing,  for  it  began  to  m 
from  a  state  of  rest ;  at  every  one  of  the  instants  into  which  ve  may  conceive  a  sec 
of  time  divided,  it  aoqoired  more  and  more  velocity,  until  it  attained  the  final  velocity 
of  S2  feet  per  seoood.  All  these  aoquisitiona  in  speed  aro  equal  in  equal  times,  because 
the  fbrce  of  gravity  is  oonstant,  and  therefore  exerts  equal  influence!  in  eqoal  tiiues. 
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Httd  the  bodydeteended  dqrinig  die  iriiale  teeood  it  die  find  veloeitr  <rf  B2  feat  per 
ibcond,  it  -would  of  ooQfM  hare  psoed  tfaroo^  12  feet  of  apMS ;  had  iCi  Wotiti'  i^ 
mained  tlie initial  Telocity,  wliich  miDothing,  it  woidd  hmva  dMeeaded  limnigliO  feet; 
but  »a  the  velocity  began  with  0  and  aided  with  32,  it^  avange  thioughoat  tha  neomd 
la  16  &et  per  teeood;  and  therefore  the  body  desoenda  in  the  first  woomd  tlma^  18 
foel  Dniing  llie  next  aeoond,  the  body,  Malting  with  ■  velocity  of  S2,  Mw^iiina  ul  addi* 
tional  velocity  of  32,  and  therefhre  ends  with  a  velocity  of  S4  feet  per  leoond ;  the  ave- 
rage being  4S  feet  pet  second,  tmd  theiEfbre  the  deaeent  being  18  feet  of  height.  Addi^ 
this  to  the  apace  deaoended  daring  the  fiist  aeoond,  Ifl  feet,  to  find  tlurt  in  the  Snt  3 
Qiida  the  total  descent  ia  64.  Were  tc  to  pursue  the  investigation  ferther,  ire  ahould 
find  the  velocity  at  the  end  of  the  tlurd  second  96  feet  per  seoond,  and  the  total  d«*M>it 
m  feet,  and  ao  on  according  to  ^  folloiring  Uw : — The  vdodty  (in  feet  per  aseond) 
acquired  by  a  falling  body  ia  S2  timea  the  time  (in  ascends). 

The  apace  (in  feet)  passed  tlnongh  by  a  felUng  body  is  16  tiiae*  the  square  of  the 
time,  or  the  square  of  4  times  the  time.  Henoe  it  fothnra  that  the  time  (in  secoodi). 
occupied  by  the  descent  of  a  feUing  body  tJoongll  a  given  heigfat  (in  feot)  m  ^  of  tha 
sqoate  root  of  tile  height ;  that  the  velocity  (in  feet  per  aecmid)  is  8  time*  th«  square 
root  of  the  height ;  and  that  the  height  is  the  square  of  |th  of  die  velocity. 
ExarnpU\. — Itequired  die  velocity  acquired  by  a  Uling  body  in  A  seomds. 

32  X  S  =:  160  feet  per  second. 
Example  2. — Beqnired  the  height  fellen  by  a  body  in  S  seconds. 

16XSX6  =  400feet,or(4XB=:)20X20  =  400. 
Examplt  3. — B«qaired  the  time  ocenpied  by  a  body  felling  through  4O0  fket 

8q.  root  of  400  is  20,  and  Jth  of  30  is  S  seoonds. 
Examplt  4. — Bequired  the  velocity  acquii«d  in  felling  400  feet. 

5q.  root  of  400  is  20,  and  8  times  28  is  160  feet  per  seoond. 

Example  5. — Required  the  distance  fellen  by  a  body  irtien  it  has  aoquired  a  vctooity 

of  160  feet  per  second. 

i|^  =  20,  and  20  X  20  =  400  feet . 
These  rules  only  apply  oonecdy  whan  •  body  fells 
in  rocno,  for  the  ledstaooe  of  the  air  matenBlly  retards 
the  velocides,  espedolly  when  they  beoomo  eonwdm- 
able,  aitd  when  the  body  has  oonsidenthle  bulk  in 
relatian  to  ita  wm^t.  Wsro  itnotferthisnutanDcv 
every  rain-drop,  descending  as  it  does  frinn  a  hesght 
of  many  hundred  feet,  would  strike  with  afen»  aa  fetal 
as  diat  of  a  rifle-bullet. 

When  part  of  die  ifei|fht  ctf  •  felling  body  ia  balanced 
by  die  asoent  <^  some  wei^it  oonneoted  with  it,  itm 
velodty  at  each  movement  is  materially  diminialied. 
When  two  eqnal  weigjtts,  each  3  lb*.,  are  hmg  by  a 
string  over  a  puUey  (Fig.  134},  they  ezaotly  b^aiuw 
gravitatii^  attraction  e^trted  on  one  is  equal  to  that 
cannot  descend,  in  accoxianee  vidt  this  fkroe, 
,  opposition  te  it,  so  maHaa  tafca  place ;  but  if 


g  fbree  of  Slbs.,  and  the 
,  however,  not  only  1 
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is  moticHi  its  own  mau,  bat  ■Iso  tlist  of  the  two  vei^rta,  in  ^  8  lbs.,  or  i  times  its 
own  iredght ;  and  therefore  the  Ttiocity  which  the;  sU  acqaiie  ia  1  second  can  odf  he 
dke  Jtiortlmt  wludiihe  2  lbs.  slone  would  aoc|iiire— that  ie  to  tsy,  S  feet  per  seeoad 
instead  ef  33.  Tbft  diitanoe  pBMod  over  muettherefbro  be  only  jl^  of  what  it  would  be 
wara  the  moving  weight  left  to  itself  without  haying  to  put  the  othen  in  motion. 
all  soch  <:at«B,  then,  of  vmghtspaiilybiluued,  if  we  know  the  total  of  die  weights  pot 
inmotioD,  and  the  azcess  o£  the  <ne.  over  the  other,  we  find  the  velocity  or  the  Bpaoeii 
a  giTin  time  by  the  following  rale : — 

Find  the  ipaoe  or  velocity  •■  before,  multiply  by  the'  cioeaa  of  one  wei|^l;  and 
fivide  by  the  sum  oS  aU. 

Stamplt  6.-^Bequlred  the  space  passed  thim^  in  4  seconds  by  a  Wright  of  19  lbs. 
eoonectad  by  a  string  over  a  pulley  with  one  of  13  lbs. 

TheeiceMofthaonenHeibs. ;  the  sam  of  both  is  82  lbs.    The  apace  would  be  for 
a  single  weight,  16  X  4  X  4  =  266  feet,  aod 

— — —  ^  48  feet  is  the  space  descended  in  4  seconds  under  the  circumstances  given.. 
It  does  not'  often  h^ipen  that  in  practice  two  diflbrant  weights  are  hnng  over  a 
puQey  as  we  have  jlHt  described.  The  eSbot,  however,  is  just  the  same  if  there  be 
one  weight  acting  on  a  baird,  and  if  the  movement  of  the  barrel  be  rensted  by  so 
known  force.  I^  for  instance,  we  had  a  weight  of  19  lbs.  attached  to  a  barrel  c 
neoted  by  machinery  with  SMne  otb^  load,  and  we  found  that  13  lbs.  himg  to  the  barrel 
instead  of  19  lbs.  would  eiat^y  balance  the  load  upon  the  machinery,  so  that  no  Ja 
ment  of  the  batrel  took  place,  we  should  estimate,  oa  we  have  done  above,  that  19  lbs. 
had  ts  set  in  motion  itself  and  13  lbs.,  the  drag  of  the  machinery,  and  that  the  space 
passed  thntngh  in  fonr  seconds  would  be  48  feet,  as  we  bave  computed.  All  such  esti- 
mates, however,  are  mode  without  legaid  U>  the  resistance  caused  by  friction.  The 
niblung  ■ur&ces  of  machinery  are  so  irregular,  and  subject  to  such  changes  of  condition 
by  wear,  temperature,  defldmcy  of  lubrication,  and  other  causes,  that  Mction  cannot 
be  estiraated  as  a  tegular  resistance.  No  machinery  moved  by  a  weight,  -without  so 
special  r^ulatiug  apparatus,  oan  be  expected  to  move  with  uniform  velocity,  of  with 
velocity  Varying  accoidii^  to  any  uniform  law,  on  account  of  these  irregularities  of 
resistance.  The  lav  of  motion  which  a  &lling  body  obeys  is,  therefore,  scarcely  ever 
practically  applicable.  In  all  machinery  moved  by  weights,  some  oontrivanccs  are  in- 
troduced for  providing  a  lesistauoe  so  much  greater  than  that  of  the  mere  Motion,  tbat 
the  wei^ts  npon  the  whole  may  be  made  to  descend  uniformly,  and  not  with  the 
accelerated  velocity  doe  to  gravitating  force  alone.  Thus,  in  the  tima-keeping  part  of 
a  dock,  the  weight  which  puts  the  whole  in  motion  is  arrested  at  every  momeut  o  ~ 
descent  by  the  pendolum  and  escapement.  The  motion  of  the  weight  downwards 
becomes  in  this  case  a  series  of  extremely  short  descents,  recurring  at  ec[ual  intervala, 
irtionever  the  pallets  of  the  escapement  permit  the  tiain  of  wheels  to  move.  The 
weight  employed  is  so  much  in  excess  of  the  resistance  irara  friction,  that  tite  irregu- 
larity in  the  time  of  each  of  its  partial  deecenta  is  exceedingly  small.  The  regularity  of 
the  clock's  motion,  therefore,  depends  upon  the  unifoimity  of  the  times  which  the  pen- 
dulum cccnpies  in  each  of  its  beats,  the  interval  during  which  tiie  weight  descends  and 
the  train  morcs  being  too  small  for  any  irregulanty  to  manifest  itself.  In  the  striking 
part  of  a  elocA:,  there  is  no  necessity  for  eitreme  regularity.  The  whole  striking  tr 
if  kept  at  rest  until  the  time-keeping  port  cimies  to  such  a  point,  (hat  it  removes 
obstacle  to  the  motion  of  the  striking-weight.    This,  being  relieved,  be^ns  to  descend. 
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nEixnra  i^AHATira  of  i.  clocz. 


and  Tould  go  o: 


daoeDding  irith  acoeleiated  Telodty,  moTingiti  tninof  vkeels,  lad 
•t'^mc  tbe  tuminer  to  Rnke  the  bell  iuter  and  futer,  were  not  ft  iwutanoa  pton' ' 
■ufflcient  to  pt«Tant  the  woeleratian  fnim  becoming  too  great.  The  appumtos  genenUy 
used  fbr  giving  this  lesutance  consiita  of  a  mill  raToiviitg  &it  or  wheel,  with  flat 
bledea,  caused  to  rotate  Tery  r^jidly  by  the  striking  train.  Ths  resistance  iriiieh  the 
air  oSen  to  the  quick  paange  ot  tbe  fan-blades  through  it  increases  as  theii  Telooitj 
iiicre*aes,1>ut  inamuohlii^milioi  and  grtdusU;  tstiie  wei^beoomee  acoeleiated 
in  its  descent,  and  the  fan  oonsequentlj  rendered  mora  rajud  in  its  rotation,  the  reidst* 
ance  of  air  to  the  fan  becomes  es  great  as  the  efibrt  of  grantating  attraction  on  i  ~ 
weight  Wiien  this  Telocity  has  been  attained,  the  weight  eontinnes  to  desomd  w 
neaily  onifiinn  speed,  and  the  strokes  of  the  hammer  on  the  bell  aro  made  to  snoo 
each  other  at  nearij  equal  interrals.  These  acrangementi  are  snffloiently  complete  for 
theii  pnipoae ;  for,  thongl^  a  perfectly  unifi»m  motioD.  is  not  attsined,  the  speed  is  si 
nearlj  legular  that  the  ear  doea  not  appreeiats  any  mariced  diS^nce  in  the  interrals 
between  the  stiokes.  Wlien  a  perfectly  uniform  motiDn  is  required,  as  it  is  somrtii 
tor  meaeoriug  intervals  of  time  accurately,  aa  in  aBtronomical  obserratjona,  it  is  nei 
(ary  to  baTs  anangements  more  delicate,  so  thst  sU  inegulaiitie*  mky  be  properly 
compensated.  A  very  ingenious  at^arstus  was  contrived  soms  years  ago  by  Hi. 
Froude,  of  Darlington,  Devon,  for  giving  perfectly  unifbim  Telocity  of  rotation  to  a 
cylinder.  This  moCku  was  neeeatary  for  enabUng  the  inventor  to  obtain  diagrams  ex- 
hibiting the  flow  of  air  into  a  vacuum,  the  pnv 
pelling  power  of  a  screw  on  a  boat  fitted  with  it, 
aud  otiber  inteiMting  mechanical  phenomena.  In 
one  of  his  apparatus  he  employed  a  fiat  disc  B 
(Fig.  13S]  at  the  end  of  an  arm  subtended  from  a 
Teitical  azia  A,  which  was  oauaed  to  rotate  by  a 
tndu  of  wheels  connected  wifli  a  weight  and  with 
the  cylinder,  which  wss  required  to  be  nuifetmly 
moved.  The  dim  revolving  through  the  aii  offered 
a  certain  reaistance,  depending  on  its  velocity  i  and 
if  at  any  instant  the  velocity  increased,  the  i" 
immediately  moved  outwards  from  the  vertical 
line,  owing  to  ita  inoeased  oentrifiigal  fame,  to 
some  such  position  as  that  indicated  by  the  dotted 
lines.  When  at  this  distance,  the  radius  of  its 
orbit  D  £  was  greater  than  the  fbmter  radina  B  C ; 
and  tb»e&iie  the  speed  with  which  the  disc  w 
driven  thion^  the  air  was  proportionately  greatf 
notion  increased  accordingly.  The  nuonentaiy  ii 
crease  of  velocity,  tlierefore,  produced  a  oonsideiable  increase  of  resistsnce,  and  thus 
reduced  itself  to  its  BveragB  rate;  and,  conversely,  a  decrease  of  velocity  diminished 
the  resistance,  and  thus  restored  itself.  By  a  proper  adjustment  of  the  disc  as  to  area, 
the  teugth  of  the  arm  by  which  it  swung,  and  a  weight  on  that  aim,  tbe  a{q>aratat 
served  to  move  the  cylinder  for  many  minutes  with  a  velocity  in  irtiich  there  was  not 
the  slightest  appreciable  iiregularity.  A  piece  of  paper  was  fixed  on  tbe  cyUnder,  and 
a  pencil,  connected  with  a  epring-balonoe  acted  on  by  the  jasMOte  to  be  meaanred, 
traced  on  the  paper  as  it  revolved  a  diagram,  indicating  the  iidensity  of  the  jnessnn  at 
every  instant  of  the  motion. 
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When  &«  eUltlcity  of  a  solid  body  is  employed  » 
the  body  is  called  a  spnng,  «nd  generally  conaisla  t 
s^ral  f«nii  roond  tea  aiii  A,  aa  ehowa  in  Fig. 
136;  ono  end  of  die  strip  beiBg  fixed  to  the 
t  B  to  tbe  <dde  of  the 
cylindrical  box  invhicli  the  spring  ia  contained. 
Wlwn  tlM  boi  ii  fixed,  aa  in  a  GeneT>  vatoh, 
the  tud*  ii  turned  round  by  a  key,  and  the 
spring  is  thus  drawn  into  doeer  conTtJutidns. 
A  wlwd  is  fixed  on  the  axis,  andis  connected  by 
g  with  the  escapement  and  bands  of  the 
watoh.  The  effini  of  the  spring  to  unwind  itself 
la  to  revolTe  in  the  directkni  oppo- 
a  which  it  was  wound,  and  thus 
pnts  the  train  of  wheels  in  motion:  It  is  the 
property  of  all  elaitio  bodies  to  exert  a  Force 
is  nearly  proportiDnal  to  the  amount  of 
o  which  the  body  has  been  subjeoted.  A»  1 
li,  we  apply  greater  and  greater  strain  the  I 
the  spring  nawiuds  itself  it  exerts  1^  greatest  force  at  first,  and  gradoally  decreaaea  ii 
power  the  farther  it  is  nuwound.  This  deoteose  of  fon»  ia  an  irregalarity  whii^  no 
modifioation  of  the  form  of  spring  cau  obviate,  but  which  m^y  be  considerably  dimi- 
'  ~  g  the  spring  with  a  great  number  of  conTolutions.  Thus,  we  may  sup- 
pose that  a  spring  of  20  convolutiooa,  or  turns,  ia  wound  up  from  its  neutral  oondition 
to  the  full  power  required  by  10  revolutioas  of  tiiB  axis.  Id  □avlndiog  itself  it  would 
lose  by  the  first  revolution  -^th  of  Its  force,  by  the  second  rerolution.  another  iVth,  and 
10  on,  until  by  fire  revolutions  bsckirardB  it  would  lose  il^^ths  or  J  of  its  full  force.  Bat 
f  we  aupposa  tbe  spring  bad  forty  convolutions,  and  that  we  wound  it  up  by  20  revoln- 
fions  of  the  axis  to  the  mme  force  u  the  former  spring,  ia  uaviudiug  itself  it  would 
lose  by  the  first  revolution  j'ljth,  by  the  second  another  ^th,  and  so  on  till  by  the  flflii 
it  would  lose  i^ha  or  ^th  of  its  full  force.  The  decrease  of  poirer  in  the  second  instance 
is  only  half  that  in  the  first,  the  axis  performing  in  each  case  an  equal  number  of  revo- 
lutions. It  is  therefore  important  to  give  all  springs  which  sj:e  required  to  exert  a 
tolerably  equal  force  throughout  their  recoil  as  great  a  number  of  convolutiona  as  pos- 

to  empby  asfewrevalulionaof  theaxiaaaposaible  fbr  moving  the  machinery. 

In  other  watches,  where  smallnesa  of  bulk  ia  not  m  nuoh  studied,  and  in  clMiks  moved 
by  springs,  the  axis  of  the  spring  ia  fixed, 
and  the  box  e  (Fig.  137)  oontai 
caused  to  revolve  by  the  recoil  of  the 
qinng,  and  to  wind  upon  its  outei  sur- 
face a  small  chain  d  attached  to  a  fnsee  <>. 
This  ^iseo  is  a  conical  barrel,  with  a 
1  screw-gToOTc  cat  ia  its  soi&ce  to  re- 
cetva  the  coils  of  the  chain.  When  iha 
spring  is  beginning  to  recoil,  and  them- 
fore  Mtdng  with  its  greatest  force,  tho  chlun  pulki  the  fiisae  round  at  is  upper  part  where 
the  lUamoter  is  smallest,  and  therefore  acta  with  least  leverage  on  the  train.  Am  the 
spring  loaca  force,  the  dtsiu  ia  pulled  Cnm  a  larger  diameter  of  the  fuses,  and  at 
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mora  and  more  lererage  on  the  train  a>  its  tension  becomea  len.    By  properly  pro|ioT- 
tioiiiiig  tho  iscKMe  in  tlie  diameter  of  the  fWe  to  the  dinunntiDn  in  the  force  of  &» 
spring,  the  poirer  applied  to  the  train  can  tiam  he  made  per&ctl;  ragnlar  thnm^iout 
the  Thole  raaee  of  the  ipting'g  recoil.    The  fiuee  is  not  •  regulaT  cone,  th«  outl^  of  | 
iU  section  being  part  of  a  hyperbolic  ourre,  that  being  the  form  irhieh  futniabea  tiu>   I 
proper  proportion  of  increase  of  diameter  to  diminution  of  spring  force. 

In  maijiiner;  moved  by  ^ringi,  modea  of  regulating  the  speed  may  be  employed  as 
in  machinetx  moved  by  weights.  Thna,  in  spring-watches  and  docki  Ibe  balaofe- 
vhcel  and  pendulum  are  used  for  governing  the  time-keeping  train,  and  the  bn  fcr 
governing  the  strihing  part.  In  muaical-bozes  the  fan  is  alao  employed,  and  servea  to 
give  the  movement  of  die  barrel  sufflcient  regularity  to  suit  the  regular  time  of  the 

Mr.  Froudc,  to  whom  wc  have  already  referred,  contrived  a  very  ingenlona  rego- 
lating  apparatus  for  machinery  moved  by  a  spring,  employing  the  reustance  of  tlie  sir 
as  a  retarding  force  in  a  manner  someirhat  similar  to  that  we  have  described,  but  with 
a  difference  in  the  details,  made  with  a  view  to  tender  the  appsistua  pmtable  and  capable 
of  acting  justly  without  regard  to  level.  The  regulating  part  of  the  apparatus  consisted 
of  an  axis  with  a  longitudinal  slot  cut  through  it,  mounted  in  bearings  at  A  A  (Fig.  138), 
and  cooneoted  with  the  train  of 

maohinery.       Within    the    slot  ,'''   < 

there  was  fitted  a  short  transverBe  ^  < 

spindle  B,  to  which  were  fixed  ^,  \ 

two  thin  blades,  kept  in  the  poii-  \_       \ 

tion  indicated  on  tbe  figure  by 
means  of  a  email  spring  mode  to 
act  on  their  spindle.  When  this 
was  mode  to  rotate  with  con- 
aiderable  velocity  in  the  bearings 
A  A,  the  blades  tended,  by  their 
centrifugal  force,  to  fly  outwards 

b>  some  such   position   as  that  <  y 

marked  by  the  dotted  lines,  and  \      .-'' 

thua  encountered  mtffo  reaiatance  '' 

from  the   air.      By  the  proper 

adjustment  of  the  area  and  weight  of  these  blades  and  of  the  spring  which  acted  on 
their  spindle  in  opposition  to  their  centrifugal  force,  extreme  regnlarity  in  the  motion 
of  the  train  was  maintained. 

In  general,  fur  moving  maeMnery  with  regular  rpeei,  woigbts  are  preferable  to 
sprii^,  because  the  force  of  il  weight  is  constant,  while  that  of  a  spring  varies  accord- 
ing to  itB  tenA(«.  But  weights  act  only  vertieallj-,  while  springs  act  in  any  direction. 
For  all  portable  apparatus  which  cannot  be  maintained  in  a  constant  level  so  as  to  make 
the  direotiou  in  which  the  weight  acta  constant  with  relation  to  that  on  which  it  acts, 
springs  must  bo  enqiloyed.  And  so  for  the  regulation  of  portable  appatatus,  escape- 
ments in  whioh  the  elasticity  of  a  spring  is  used  for  recoil,  instead  of  the  701^1  of  a 
pendulnm,  must  be  likewise  employed.  The  details  of  all  such  apparatus,  and  the  many 
ingenious  contrivances  applied  to  than,  form  the  sabjoct  of  a  distinct  art^  that  of 
Horology,  which  will  be  treated  of  hereafter. 

Besides  confadrances  for  employing  the  weight  and  elasticity  of  iolid  badiei  ft 
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gtring  motion  to  nuwhineiy,  there  ira  othen  by  vhicli  ihe  weight  ot  preMnie  of  liquidi 
■ud  the  elaiticitj  of  gasea  are  also  applied  for  such  purpoaea. 

Among;  these  the  hydraulic  lift  and  the  hydiaoUo  orane  ma;  be  paiticularly  noticed. 
The  hjdraolic  lift,  in  its  moet  gimple  form,  connst*  of  a  eylindor  doaed  at  bottom,  and 
fttted  with  aplunger  or  ram,  Thich  paaiea  tLrough  the  top  nnd  Bupports  a  lt*ge  (Fig.  IS6). 
A  leather  collar,  fitting  round 
the  plunger,  ia  placed  in  a 
reosH  prorlded  in  the  ned  of 
the  cylinder,  ao  ta  to  prevmt 
the  eaoape  of  water  around  the 

plunger.     A  pipe  from  a  high  1  I 

ciBteni  conducts  irater  into 
the  cylinder,  and  another 
pipe  pcrmils  the  water  to 
issue  from  it.  Each  of  these 
pipes  is  provided  with  a  stop- 
cock, so  that  the  water  may 
be  admitted  to  the  cylinder,  or 
allowed  to  flow  from  it  at 
ploaiure.  Since  liquids  com- 
municate pressnie  equally  in 
all  direotiona,  every  part  of 
the  cylinder  and  the  plunger 
is  prMsed  upon  by  a  force  pro- 
portioned  to  the  height  of  the 
ciatem  which  supplies  the 
apparatus.  Every  27  inches 
of  height  produces  a  pressure 
of  1  lb.  on  every  square  inch 
of  surface  exposed  to  it ;  and 
by  making  the  area  of  the 
bottom  of  the  plunger  suf- 
ficiently large,  a  ooosiderable 
weight  can  be  raised  ou  the 
stage  which  it  carries.  Tbua 
if  the  ciBtem  at  tbe  top  cf  a 
house  be  64  feet  above  tho 
grotmd-floor,  the  pressure  on 
the  internal  sur&ce  of  any 
vessel  on  the  ground-floor 
connected  with  it  by  a  pipe  is 
24  Iba.  per  square  inch.  If 
this  TCBsel  be  a  cylinder,  such 

as  we  have  described,  fitted  *'*  "'■ 

with  a  plui^er  10  inches  diameter,  having  therefore  a  sectJonal  area  of  78)  square 
inches,  the  pressure  forcing  this  plunger  upwards  amounts  to  78)  X  24  ^  1884  lbs. , 
and  if  &om  this  we  deduct  764  lbs.  as  a  weight  exceeding  that  of  the  plunger  and  plat- 
form, there  remains  a  pressure  of  1120  lbs.  forcing  the  plunger  upwards.    A  load  then 
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of  tbiiaiiKiniit,  half  a  ton,  mar  be  pUocd  on  the  pUtfixm  when  it  U  in  it*  loweat  pooi- 
tion,  sod  the  eock  being  opened  to  tho  dttem,  &e  whole  Till  be  niied  to  n  height  e^ual 
to  that  of  the  phmger,  which  may  be  made  Bofflcient  for  lifdog  goods  irom  one  floor  to 
another.  By  doaing  the  dftem-cock  and  opening  the  other,  the  water  is  permitted  to 
leaTB  the  cjUn(t«r;  aodtheplnngGT,  no  longer  subjected  to  upward  preeniro,  descenda 
to  its  former  poaition. 

The  water-presanrc  may  bo  made  to  act  in  a  way  somewhat  difforent  in  detail,  bnt 
similar  in  principle,  by  fitting  the  cylinder  with  a  piston,  connected  by  a  rod  paaung 
tightly  thnnigh  the  cylinder  cover 
with  a  rope  or  chain,  which  may  be 
L^d  by  pulleys  in  any  conTsnient 
direction  for  lifting  wei^ta  attached 
to  iL    The  water-preaaure  acting  on 
the  pistoD,  force*  it  down  the  cylin- 
der, aod  thus  pulls  the  chain  and  lifta 
the  weight.     Such  an  arrangement 
coostitutca  the  hydraulic  crane.    The 
.   advantage  of  employing  water  for 
I  lifting  weights  in  this  manner  ooo- 
'   siata  in  the  circumatanee  that  a  small 
Bteam-engine,  or  other  paver,  can  be 
constantly  employed  in  raising  the 
water  to  a  high  cislem,   and  that 
great  lifting  power  can  be  obtained 
for  a  Aort  time  by  the  eipenditare 
of  a  portion  of  the  water  thus  raised. 
The  water  liiled  to  a  height  becomes, 
in  fact,  areservoir  of  power,  ready  to 
be  used  when  required,  and  accuma- 
lalea  the  efforts  of  a  small  power  act- 
*^K'  ^^''-  ing  through  a  considerable  period, 

ready  to  be  expended  as  a  great  power  acting  through  a  short  time.  Farther,  this 
power  is  completely  under  control ;  for  by  the  mere  turning  of  a  atop-cock,  or  the  opening 
or  closing  of  a  valve,  it  can  be  put  iQ  action  or  arrested  at  pleasure ;  and  the  epeed  with 
which  a  weight  ia  moved,  and  the  height  to  which  it  is  raLied,  can  be  regulated  with 
the  greatest  nicety. 

Apparatus  have  eomotimcs  been  applied  in  which  water  flowing  from  a  high 
level,  or  compreBsed  air,  may  be  made  to  act  aa  steam  in  a  Bteom-cngine,  for  giving 
moUon  to  machinery.  The  conatmction  of  such  apparatus  ia  very  similar  to  that  of  the 
ateam-cngine,  and  may  hu  easily  understood  by  one  who  has  studied  tho  arraiigeizieat  of 
the  latter. 

The  pressure  of  tho  atmosphere  has  also  been  employed  as  a  moving-force  in  the  case 
of  the  atmospheric  railway.  We  muat,  however,  defer  any  consideration  of  this  subject 
until  wc  shall  have  discussed  tho  steam-cngiiie. 

4,  H«Bit  And  EleetrlcltT. — In  treating  of  beet,  electricity,  magnetism,  and 
chemical  action,  as  sources  of  power,  we  embrace  a  very  wide  range  of  matter,  which 
may  with  advantage  be  subdivided.  We  may  hero  merely  notice  the  branches  which 
this  diviu<m  of  the  subject  embraces. 
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H»at  ia  the  power  whtoh  i<  applied  in  the  Btaun-engine,  ths  most  RdTaotagooM  and 
viMy-enqdoyed  of  all  apparatus  for  Tsndsriiig  natural  pcneera  rerrioeablo  to  man.  This 
biaiujlt  of  practical  mwhaoici  tDI  dienfne  dmnand  eomidetable  apsce  for  its  special 

Electrioity,  nagnetiaiii,  and  ■*""'"«<  action  ara  the  poven  applied  in  the  eleotrio- 
t«legrapb;  and  in  XKne  apparatus  that  bare  bean  cantrived  for  employing  them  in 
moving  machtngy.  The  electiio-telegnph  has  attained  an  imptntance,  and  presanti  lo 
maiijr  poinls  for  coosideratiDn,  tbat  ws  must  give  it  also  special  oonBidemtioa  in  another 
plaoe.  IThe  aftempla  that  have  been  nude  to  reudw  eleotiioity,  magnetism,  and  chemi- 
cal action  available  as  prime  moven  of  machineij,  have  not  been  crowned  irith  much 
mcoeea.  We  do  not  think  it  neceaaary,  thernore,  to  devote  space  in  a  vorit  on  praetioal 
mechanka  to  the  disouiaion  of  contrivances  wbiidi  have  not  been  made  practically  avail- 
able. It  ia  not  to  be  denied  tlut  the  pbenomsna  attending  elecliicity,  maguetifni, 
and  chemical  action,  present  foreea  which  could  be  and  have  been  applied  as  [irime  I 
movers.  Ithasbeenfonnd,howaTer,  thatthegreatCMthitJurtOBttendingtheiTprodnc-  j 
tion,  witboat  any  compensatiiiy  benefits  from  their  application,  must  place  contrivances 
for  applying  tliem  in  tile  list  of  the  ingenlona  and  intereetmg  rather  than  the  useful. 
Amoi^  these  we  may  notice  an  engine  contrived  to  act  by  the  altemste  decomposition 
of  water  into  its  element* — (he  elastio  gases,  oxygen  and  hydrogen — and  its  re-compo- 
nbon  by  their  oranbnsticn.  The  one  operation,  decompoaitian,  produced  a  pressure  of 
the  daftJc  gesea  liberated  from  thair  oondenaed  liquid  condition ;  the  other  operation 
condeuaed  the  gates  again  into  water,  and  thus  removed  the  pressure  prodnoed  by  the 
former.  The  cost  of  decomposing  water,  as  it  was  pri^Kiaed,  by  electricity,  wai 
gceat  as  to  render  the  scheioe  practically  sbortiTe. 

The  apparatus  intended  to  utilize  electricity  and  magnatiBm  as  prime  movers,  have 
been  devised  on  two  distinct  jninciples.  In  the  one  set,  the  attnctive  and  repulsire 
force  of  ft  magnet  has  been  employed  as  the  element  of  power,  the  magnet  being  n 
dered  alternately  active  and  neutral  by  the  movement  of  a  cmrrent  of  voltaic  electricity 
arornid  the  inm  constituting  it ;  or  its  ceasation.  Sowever  great  may  be  the  attractive 
force  of  an  elaotio-magnet  on  iron  very  near  it,  it  is  found  that  Ml  an  increase  of  dis- 
tance, the  tmOB  dinunishes  very  much.  This  limitation  of  the  magnef  s  power  to  sho 
distances  renden  the  problem  of  employii^  it  as  a  moving  force  by  no  means  a 

The  other  set  of  electro-magnetie  engine*  were  contrived  to  take  advantage  of  tl 
TJtigqUi-  properties  by  which  magnetism  and  voltaic  eleotiicity  appear  to  be  oonneoted  to 
one  another.  It  is  found  that  when  a  stream  of  electricity  is  made  to  pass  along 
numeroDS  wires  in  the  neighbourhood  of  a  magnetic-needle,  the  needle  ia  deflected  so 
a*  to  stand  traasTa:eely  to  the  current.  And,  convenely,  it  is  found  that  the  mere  posi- 
tion of  a  magnetic-needle  within  ft  coil  of  wire  encircling  it  induces  a  current  of  elec- 
tricity along  the  wire.  Motion  is  caused  by  this  reciprocal  action  of  magnetio  bodies 
and  electrical  current* ;  and  it  has  been  endeavoured  to  render  this  motion  avaiUble  in 
dtiving  machinery.  In  this,  as  in  all  electro-magnetic  machines,  however,  the  cost  of 
produdng  the  power,  by  the  solution  of  sine  or  some  other  metal  in  the  galvanic  1 
tery,  has  been  (bund  too  great ;  and  none  of  these  oocttivances  have  ever  come  i 
competition  with  the  ateam-engine,  in  which  the  oost  of  producing  the  power  by  the 
combustion  of  foci  is  far  more  moderate. 


„Gooj^lc 


300  .  EmoKx  <w  Tta  antui-KHam. 

THE  ST^AM-£NGIN£. 
It  ii  nanml  tar  wrifen  on  ibg  lUam-engina  to  give  an  oatUne  of  its  hLrtory,  tneing 
up  boat  the  earlieit  times  aucoeoive  caatrimicea  and  loggeitiDiui  fcx  mvlariBg  the 
eluticity  of  Tipoun  ipplicable  u  a  motiTe  poveE.  This  mode  of  inWodiuntig  the  otu' 
dent  to  the  oouideiatioiL  of  the  mechanical  amageinaits,  vhidx  now  courtitute  *  eom- 
pleU  Bteam-engine,  ii  not  without  it*  adnraUget.  It  i*  calonlited  to  opm  ths  atndeiif  • 
mind  to  the  de&ota  of  BiKKsevive  Inmntiaiu,  and  tho  modes  in  -which  they  have  been 
gndiuUjr  Mmored,  until  vhatinaBtonetime  looked  on  aa  an  ingenioaalndinterestiDg 
philosophical  toy,  has  becinae  an  appaiatdi  that  hai  duuiged  tlie  whole  fiMo  of  nnliNd 
societ;,  and  almost  brought  the  elements  within  the  oonbol  of  man.  By  watching  the 
steps  of  invenlon  in  this  jnognss,  the  student  becomes  wall  prepaied  to  oomprdieBd  the 
detoili  of  the  po&oted  apparatos,  and  the  reiwiu  wliy  ceiUia  modiAcation  hsve  been 
introduced  as  improrements,  whSe  othen  have  been  found  piactioiilly  inappticabU.  But 


it  happens  with  the  steam-engine  as  with  almost  all  other  m 
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.  earliest  fbims  are  by  no  means  the  most  simple :  and  that  iaproTements  have  oftoi 
consisted  more  in  discarding  useless  complioationa  than  in  adding  new  paits.  We  thinlc, 
upon  the  whole,  that  the  steam-ongine  may  be  best  studied  in  its  most  simple  fioms, 
regardless  of  their  historical  sequence,  especially  when  a  piactical  knowledge  of  its  oon> 
stmotionand  ^pticatiaas  is  desired,  ruther  than  a  popolaF  theoretical  aegnaintaace  wifli 
its  leading  features.  We  propose,  tlierafi»«,  to  discuss,  in  &b  first  plaee,  the  general 
properties  of  steam,  and  the  modes  ad(^itod  tar  genoating  it  in  a  mann^  suitable  for 
rendering  it  available  as  a  prime  mover.  And  we  wilt,  tcooodly,  oonmdw  the  special 
forma  of  apparatus,  or  engines,  through  which  the  steam  ia  nude  to  aot  for  prododng 
the  movement  -of  machinery.  By  this  coone  we  shall  hope  to  give  the  reader  a  dear 
view  of  the  wbi^  subject ;  and  we  ahall  take  such  opportnnitiea  as  offer  thMuaelvee  of 
referring  to  the  vsrious  inventioDs  that  have,  from  time  to  time,  been  brou^it  to  bear- 
To  the  advantages  ariung  from  the  use  of  Steam  aa  a  motive  power,  to  the  changes 
that  have  bees  effected  by  its  introduction,  and  the  still  greater  changes  that  may  be 
confidently  expected  from  its  more  extended  application,  we  need  searcely  refer.  These 
aia  patent  to  all;  for  in  the  present  condition  of  society  few  operations  «ie  oimdDOted  in 
which  the  stf  am-engine  does  not  play  the  mo«t  pnminent  part. 

Expuuiwe  Vawmt  of  KiqnUa. — When  a  liquid  ia  eipoaed  to  heat,  it  expands 
in  bulk ;  and  when  tho  heat  ia  carried  to  a  certmn  point,  part  of  the  Uqoid  rises  from 
the  rest  in  the  form  of  Tapour,  ooonpying  a  much  greater  Tidome  tiian  it  did  in  il« 
liquid  coodition.  It  is  probable  that  all  substances,  solid  a*  well  ai  liquid,  are  capable  of 
being  changed  into  the  vaporous  form  by  heat.  Some  bodies,  such  aa  ethar  and  alcohcd 
among  liquids,  and  iodine  among  solids,  rieeinvaponratcomparatiTelylowtemperaturss. 
Others,  again,  such  as  many  of  the  melala,  even  after  they  have  become  liquid  underthe 
infloenoe  of  heat,  require  very  considerable  accessions  (^  temperature  before  tbey  pass 
into  vapoBT.  Water,  one  of  the  Bubetances  most  widely  diffused  in  nat^ire,  and  there- 
fore most  cheaply  obtained,  holds  a  middle  oontEo  in  this  respect  between  these  extremes, 
and  attains  by  no  great  accessions  of  temperature  properties  which  render  it  espcfually 
serviceable  for  human  use.  It  is,  indeed,  among  the  most  obvious  of  liie  beneficent 
airaagcments  of  Providence  that  this  substance,  almost  everywhere  acceaaible ;  posseesed 
of  no  corroding  power  like  acids  or  alkalies ;  of  no  intoxicating  qualities  like  spiijta ;  not 
of  inconvenient  gravity  like  metals, — ^abovild  be  at  the  same  time  capable  of  absorbing  vast 
qnantSties  of  heat,  and  of  giving  it  out  in  the  shape  of  active  motive  power.   It  has  been 


or  AiKoepHBBio  Ant. 


Ml 


propoied  to  eatploy  dw  Tipoun  of  eder,  aleohol,  mlphmet  of  cariMii,  or  Joemarj,  tot 
moving  engine!;  but  no  >dTuit>ge(  fiom  their  uu  in  thii  vay  have  presented  thanaelTeB, 
auoh  ai  oould  bring  tiiem  into  oompstition  with  watsr.   We  will,  tjieicfbm,  oodflne  oi 
lelToa  to  the  litter  BcbiUnce,  whieh  is  the  only  one  tomsd  praotiully  to  aooonnt. 

Tha  abniMpliere  vhieb  enfelr^  the  earth,  though  iiiTiBible,  a  nererthdess  poHened 
of  weight,  aod  prenei  on  the  mriitce  of  all  bodi««  in  if  esactlj  u  the  water  contained  in 
a  dnem  piwna  on  hodiM  immnsed  in  it  The  pretnire  of  the  atmoBplitre  at  the  i 
Eaoa  of  the  eartJh  u  aboat  IS  Iba.  oa  every  •qnan  inch.  Tliii  jaeEBom  Taries  with 
Dbsngee  in  the  density  of  the  stmos^tere,  but  not  to  a  great  extent  The  average  ia 
generally  stated  at  aomewhat  lew  than  15  lbs.  per  square  inch ;  but  for  all  pndical  cal* 
cnlationB  16  lbs,  may  be  aanunad  without  involving  material  error.  Water  detained  in 
asy  Teasel  eipoaed  to  tlie  air  is  Ana  pmtMd  upon,  and  retains  ila  liquid  farm  at  ordinary 
temperatures.  But  if  tiie  temperature  (tf  the  wat«c  ba  raised  to  212°,  ai  meaiored  by 
Fahrenheit's  IlierBiameter,  ita  vapom  at  Hat  temperature  has  an  elatrtia  fbrce  wbioh 
eiaotly  balances  the  atmosplieric  pressure,  and  part  of  the  water  consequently  risee  in 
the  £>rm  of  vapour  and  mioglee  with  th«  air,  displaoing  as  mneh  of  the  Utter  aa  is  equi- 
valent to  ita  own  bulk.  Were  the  pressure  of  the  air  removed,  vapour  would  rise  from 
the  water  at  mueh  lower  tempwaturea  than  212°,  and  occupy  the  vacant  apace  in  the  vessel 
odntainiog  it.  Thus,  when  a  aaueer  eon»ining  water  ia  placed  under  the  receiver  of  an 
air-pump,  as  the  air  ia  extracted  from  the  receive,  vapour  rises  ftoin  the  water ; 
however  law  may  be  the  temperatore  of  the  water,  vapour  continuea  to  rise  hmn  i 
the  piesnre  of  air  on  its  sur&ce  is  diminished.  Even  under  the  full  atmoaphciio 
presaore,  water  is  constauHy  evaporating  at  ordinary  temperatures,  for  the  air  scran 
haveapowerofdiaaolnng  water  or  taking  it  up  in  a  vaporous  form,  just  aa  water  dia- 
Bolvea  salt  and  retains  it  diSused  through  it  in  a  liquid  form. 

At  every  different  temperature  at  which  vapour  mayexiat,ita  elastic  force  is  diiTerent, 
being  greater  tlie  greater  the  temperature,  hut  not  proportionaUy  so.  When  we  inquire 
what  is  meant  by  tlie  claatio  force  of  a  vapour,  we  can  only  aay  that  it  ia  a  property 
common  to  all  aeriform  bodies,  by  which  they  react  on  any  sw&oe  comptcesing  them, 
or  tend  to  expand  into  a  larger  voliune  than  that  in  wbidi  they  ore  confined.  There 
seems,  indeed,  to  enst  a  repulsive  force  among  the  particles  which  constitute  a  gaseous 
body,  pushing  theni  asunder  with  equal  power  in  every  direction,  and  requiring  aome 
contrary  compresait^  force  to  retain  them  in  their  placea.  We  have  no  example  of  a 
gaseous  body  existiog  without  being  contaiimd  in  an  envelapu  of  eomo  kind,  or  being 
pressed  upon  by  some  surrouudiug  medium.  The  air  at  tiie  surbce  of  the  earth  ia 
preaaed  upon  by  the  weight  of  air  above  it,  and  exerts  an  elastic  force  exactly  balancing 
the  pressure  of  the  superincnmbent  fluid.  If  ita  elaatio  fbrco  were  cither  gccs.ter  or ' 
than  the  force  compressing  it,  it  would  expand  and  lift  the  air  above  it ;  or  it  would 
collapse  under  a  prcaaure  greater  than  it  could  resisL  As  we  ascend  higher,  the  weight 
preasing  on  the  air  is  diminished,  becaiua  there  being  a  certain  amount  of  the  atmospheri 
left  below,  there  remains  a  less  amount  above.  We  find  accordingly  that  at  any  height 
above  die  eorl^'a  surface  the  elastic  force  of  the  air  ia  diminiahcd  in  proportion  as  the 

presgnre  upon  it  ia  

lessened.     At  the  ^  W  §  ^ 

top    of    a    high  '  1 5 ~ r 


Mont  Blanc,  the  elHatio  fbrce  of  4ieuris  not  norethanhotf  that  of  the  air  at  the  surface. 
If  we  were  la  introduce  a  drop  of  oil  into  a  small  glass  tube  cloa  ed  at  one  end  (Fig.  1*1), 
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10  that  the  oil  ihonld  Sorm  a  film,  or  diaphragm,  atmsa  tlie  tube  at  nitie  point  A,  ve  ahonld 
•DolovB  between  A  and  B  a  pottion  of  air  in  the  aame  omdition  aa  that  n 
It,  now,  we  atcended  a  mmntain  ve  ihooldSnd  tfaeair-fllni  at  pDintsC,  D,  I 
rirely,  u  ve  attained  greater  height.  Betorv  our  uoent  commeneod  the  elaetio  force  of 
the  ail  in  AB  prened  th«  oil-filn  ontwarde  -with  exactly  the  same  force  aa  that  d  the 
weight  of  mperinoiimbent  air  pmaiiig  it  inwards,  and  aoDOTdingly  the  film  mnauied  at 
rert.  As  we  aaeended  ve  eubjeeted  tile  film  to  lea  piemiTe  inwards,  beoMue  ire  had 
Icei  weight  of  air  above  ns ;  and  acooidingly  the  elaatioity  of  the  air  in  A  B  ovorbalanced 
the  presmre,  and  poshed  the  film  to  aome  suoh  point  a*  E ;  not  by  At*  and  starta,  bat 
gradoally  as  we  awended. 

We  have  now  to  inquire  why  there  i^oqld  be  any  point  aneh  a*  C  whera  the  film 
oonldrest;  in  other  «orda,  why  the  eUitio  force  of  air  in  the  tnbe,  having  onoe  or 
balanced  the  prenni*  of  the  external  air,  should  again  become  equal  to  it,  and  no  Ion 
force  the  film  outwards.  The  reply  to  this  question  inTtdrea  the  contideratim  o 
most  important  law  to  which  all  elastic  fluids  are  equally  sabjeetcd.  It  is  called 
Majriotf  s  lav,  after  the  name  of  the  pereon  who  gave  it  to  the  world,  and  Is  ti 
efl^: — TAe  tiattidlg  of  a-  gat  it  preportional  to  tit  dnuilf — that  is  to  say,  the  gteater 
the  number  of  particles  of  a  gas  we  force  into  a  certain  space,  or  ~ 
the  space  conttuning  ■  certain  weight  of  gas,  the  greater  we  make  its  elsstio  force,  and 
eonreraely.  Bcfeiring  nowtothe  air  in  the  tube,  we  find  that  when  the  Sim  hasatriTed 
at  C,  the  apace  containing  the  air  is  extended  from  A  B  to  C  B,  and  the  elastic  force  is 
diminished  in  like  proportion.  In  &ot,  the  density  and  elasticity  of  die  air  within  tho 
film  is  exactly  thesameaa  that  of  the  sir  without,  and  the  film  remtuns  motionleti  at  ( 
as  long  as  this  equality  aubsiste.  Again,  u  we  ascend,  the  external  pienmre  diminishea 
the  elasticity  of  the  air  within  pushes  tho  film  outwards,  and  thus  extends  iti  space  ontil 
its  elasticity  is  rcdnced  to  an  equality  with  the  pressure  of  the  external  air ;  and  ao  oii 
without  limit.  In  descending  we  ahould  find  the  film  moring  inwards,  according  as  il 
became  subjected  to  a  greater  external  pressure ;  to  poaitians  such  that  the  air  oonfined 
within  it  became  of  a  density  sufficient  to  balance  the  pressure.  Notwithstanding  the 
extreme  aim^city  of  Bfartiotf  s  law,  it  is  one  of  the  gi 
impcoiance,  and  should  be  thoroi^hly  understood  by  any  one 
desirous  of  an  acquaintance  with  the  s 
applies  to  steam  as  oloedy  as  to  any  gas.  From  this  Itnr 
it  follows,  that  if  we  forced  air  or  ateam  occupying  a  volume 
of  3  cubic  f^  into  ■  vessel  of  the  capaoity  ot  1  cubic  foot, 
we  should  find  the  elasticity  doubled,  because  the  dcsMity 
would  be  douUed,  or  the  volume  reduced  to  half.  Converaely, 
if  we  permitted  I  cubic  fbot  of  air  or  steam  to  oco«qiy  a  volnmo 
of  2  cubic  feet,  we  should  reduce  ite  elastic  force  to  half  of 
what  it  was  before  expansion,  because  we  have  doubled  il 
volume,  or  reduced  its  density  to  half  of  what  it  was.  In  order 
to  illusDate  these  bets,  let  us  suppose  that  a  cylindrical  vessel 
ia  fitted  with  a  piston  that  can  slide  in  it  (Fig.  142),  having 
on  area  of  1  tqnare  inch,  and  that  a  load  of  20  lbs.  jdaced  on 
tfie  piston  forced  it  down  to  H  position  G  D,  an  Inch  from  A  B, 
compresdng  below  it  the  air  or  steam  occupying  the  part 
A  B  D  C  of  the  cylinder.  .VWe  shonld  then  jay  that  tho 
steam  was  20  lbs.  pw  square  iDch,  h««anae  it 


nB.141. 

elBiiicity  or  pressure  of  the 


.,y  Google 


ELASnCITT  AKD  PKESSUXE  OF  FLUIDS.  S63 

Inlances  or  aupporte  a  load  of  20  Ihe.  placed  on  a  piaton  eipoMd  to  ita  el«4tio  fo 
If  70  aoppoae  another  inch  added  to  the  length  of  the  ejiinder,  tlie  added  ipaoe 
A  f!  F  B  being  totallj  empty,  and  tile  fbnnei  bottcm  A  B  suddenly  irithdTaini,  lo 
that  the  air  or  steam  had  its  spaco  or  Tolume  douhled,  ve  should  find  20  Iba.  1 
ths  pialon  trice  as  much  aa  it  should  be  to  retain  the  piaton  in  its  pUee,  and 
would  have  to  raplaee  it  by  a  load  of  10  Iba.,  bocauae  the  elasticity  of  the  air  0 
■team  becomes  half  of  what  it  was  before  t^o  increase  of  its  volume  to  the  double  of 
what  it  was.     We  have  already  stated  that  the  pressure  or  elasticity  of  Iho  air  near 
SQjfsoe  of  the  eaith  is  about  IS  lbs.  on  every  sqnnre  inch.     If  then  a  cylinder  Uko  that 
which  we  have  just  described  were  filled  with  air  under  the  piston  and  placed  in 
Taouum,  there  would  be  required  on  the  piston  a  load  of  15  lbs.  to  retain  it  in  its  plao 
Were  the  load  less  than  15  lbs,,  the  air  under  tbe  piston  would  expand  in  volume  and 
raise  it ;  or  were  the  load  greater,  the  piston  would  be  pressed  downwards,  increasing  the 
density  of  the  air  below  it,  and  pn^iortionally  ita  elasticity,  until  the  load  became 
exactly  balanced.     But  a  cylinder  of  the  kind  described,  filled  with  air  and  not  placed 
in  a  TacuUTQ,  requires  no  actual  wright  on  the  piston,  be- 
cause the  surrounding  atmosphere  afEbrds  a  load  exactly 
eqaivilent    to  the  weight  that  would    be  required  in  a 
vacuum.     If  the  cylinder  were  filled  with  steam  instead 
of  air,  and  with  no  load  on  the  piston,  the  steam  would  bo 
said  tc  be  at  atmospheric  pressure,  because  its  elasticity 
tending  to  force  12ie  piston  upwards  is  exactly  balanced  by 
the  pressure  of  the  atmoephere  tending  to  force  it  down- 
wards.   If  the  piston  required  a  load  of  IS  lbs,  upon  it, 
the  steam  would  be  said  to  exert  a  pressure  of  two  at- 
mospheres, or  of  16  lbs.  above  atmospheric  pressure.     So, 
iftheateamsnstainedloadsof  3l)1b9,,15  1bs.,  60  lbs.,  &c,, 
placed  on  the  piston,  its  pressure  would  be  called  that  of 
3,  4,  S,  &e.,  atmoiphei«s;  or  of  30  lbs.  46  lbs.,  60  lbs., 
&c.,  above  atmospbcric  prcBsure. 

The  pressure  or  elasticity  of  fiuida,  such  aa  air  or  steam, 
is  often  expressed  in  terms  of  inches  of  mercury,  or  of  the 
height  of  column  of  mercury  which  they  can  sustain.  It 
happens  that  2  cubic  inches  of  mercury  weigh  very  nearly 
1  lb.,  and  tiiat  30  cubic  inches  weigh,  consequently,  about 
15  lbs.  Now,  if  we  suppose  a  tube,  having  1  square  inch 
of  aectioual  area,  bent  as  in  Fig.  143,  and  closed  at  both 
ends  A  and  D,  were  filled  with  mercury  to  a  height  of  30 
inches  in  one  limb  above  the  level  in  the  other,  the  part 
A  B  being  a  perfect  vacuum,  and  the  part  D  C  filled  with 
air,  since  the  weight  of  the  coluion  30  inches  high  is  IS  lbs,, 
this  pressure  of  ISlbe.  is  commniiicatcd  through  the  mer- 
cury in  the  bend  to  the  air  in  C  D,  which  consequently  re- 
acts with  an  elaatio  force  equivalent  to  15  lbs.  on  the 
surface  of  the  mercury  exposed  to  it.  That  is  to  say,  the 
elasticity  or  pressure  of  the  air  in  C  D  is  15  lbs.,  or  1  at- 

;  snd  the  tube  might  be  opened  at  D  to  the  ordi-  ^'w-  '*'■ 

pressure  of  the  atmeephcro  without  effecting  any  change  in  the  equilibrii 
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of  the  inei«iirial  colomn.    Tbe  uubrunrait  in  Ihii  fonn.  would  beoone  tbe  orduuur 
bolometer,  wMch  meuninM  the  pretmre  or  density  of  the  atnuwpbere  by  the  bught 
of  a  mercurial  column  surtMned  in  a  tube,  every  2  incbea  of  height  of  Jneranry  oi 
respondingHto  1  lb.  of  pressure  per  aquare  inch. 

■e  (Fig.  Ill)  wen  connected  witbaTtuel  A  oontaining -wvtar,  oafai 

beini;  applied  to  the  water,  iteam  would 
be  generated  in  A,  and  pieas,  hj.  its 
elastic  force,  the  mercury  downwarda  in 
one  limb  of  the  tube  and  upward*  in 
the  other,  until  it  attained  such  a  potitt(« 
that  the  eioeaa  of  weight  of  m 
tbe  one  limb  and  the  pr««ure  of  tbe 
atmosphere  on  ita  upper  surfaee  G 
,  abould  exactly  balance  the  elastic  i(«ae 
of  the  steam  in  A.  If  the  he^t  of  C 
above   B  i 

would  be  aaid  to  exert  a  pressure  ttf  60 
inches  of  mercnTy,  or  30  Iha,  per  square 
inch  above  atmospheric  pressure,  or  to 
have  a  total  elasticity  of  3  atmospheres. 
We  hove  already  said  that  tiie  elaatieity 
of  steam  is  greater  the  greater  its  tempe- 
rature. There  ia  no  atmple  rule  for  cal- 
culating tbe  pressure  due  to  any  given 
ta  the  law  wMch  governs 
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character.     The  following  table  of  the 
pressures  and  cnrresponding  temperatures  of  ateam,  or  tho  vapour  of  wat«r,  is  coi 
piled  Irom  the  results  of  numeioua  experiments  made  witlt  a  view  to  establish  aoi 

1  like  this  we  must  abstain  from  the  discussion  of  this  law,  ' 
account  of  the  advanced  analyus  required  for  its  investigation.  Nor  need  we  offer 
formula  for  calculating  the  pressure  ooiresponding  to  a  given  temperatme,  as  the  table 
contains  results  sofflcienlly  accurate  for  all  practical  purposes.  Tbe  table  only  appliea 
o  tbe  case  of  steam  in  a  boiler,  or  vessel,  iu  contact  wiUi  the  water  from  which  it  is 
generated.  Were  we  to  remove  any  portion  of  steam  into  another  vaasel  and  then  sub- 
ject it  to  heat  without  water  being  in  contact  with  it,  we  would  simply  expand  iti 
volume  na  we  should  air  or  any  other  gas  by  an  increase  of  temperature ;  or  confining  iti 
volume,  elevate  its  pressure  according  to  a  totally  difterent  law. 

In  the  first  column  of  the  table  the  temperatures  ara  marked  in  degreea  of  Fahren- 
heit's thermometer. ' 

The    second  contains  the  preaaures  in  atmospheres   corresponding  to  the  tem- 
peratures. 

The  third  gives  the  pressures  in  inches  of  atercury,  or  the  heights  in  inches  of 
mercurial  columns  capable  of  bslancing  the  elasticities. 

The  fourth  column  gives  the  pressures  ia  pounds  pel  square  inch  above  that  of 
atmosphere ;  or  the  loads  in  pounds  required,  iu  addition  to  tint  of  the  atmosphere 
keep  down  a  piston  having  an  area  of  1  square  inch  pressed  upwards  by  the  steam. 
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432° 

We  \rould  romork  that  for  tompenttureti  bdow  ISO"  and  ahoio  311°  the  rendu  are' 
somewhat  nnccFtain.  It  is  within  these  limita,  however,  that  any  practical  application 
of  tiie  table  can  be  required,  for  we  seldom  have  to  do  with  steam  piesring  with  elaitio 
force  of  less  than  half  an  atmoaphere  on  the  one  hand,  or  with  pcessurea  aboTO  eight 
atmoapheres  on  the  other. 

Tbe  great  secret  of  the  power  derivable  from  steam  liea  in  the  feet  that  a  small 
volmne  of  water  hy  heat  ia  expanded  into  a  largo  volimie  of  elastic  vapour,  tending  to 
occupy  a  greatly  incieaied  apace,  and  forcing  any  obstacle  presented  to  its  expansion 
wiUl  tbe  preasuro  due  to  its  elasticity.  The  volume  of  steam  produced  from  a  given 
quantity  of  water  has  been  variously  stated ;  bnt  we  believe  it  may  be  Tery.corrcctly 
estimated  at  1600  times  when  the  pressure  ij  equivalent  to  1  atmosphere.  That  is  to 
iay,  a  cuUc  inch  of  water  contained  in  a  Teesel  open  to  the  air,  when  boiled  off  into 
steam,  occupies  1600  cnbic  inches  of  bulk,  and  forces  the  air  contained  in  the  vessel 
away  to  the  extent  of  that  e^nnded  volume ;  or  eipanda  with  a  fotee  of  19  lbs.  on 
every  sqaare  inch,  which  is  the  meamue  of  the  atmospheric  pressure,  and  therefore  the- 
fbrce  resisting  the  expansion  of  the  steam.  But  hod  the  vessel  containing  the  steam  a 
volume  of  only  800  cubic  inches,  or  half  that  to  which  the  steam  would  expand  at 
atmospheric  pressure,  then  the  dcnaity  of  the  steam  being  doubled — or,  in  ether  words, 
the  number  of  psrticlea  crowded  into  any  part  of  the  Spate  being  doubled — the  pressure 
on  every  part  of  the  vessel  would  be  doubled  also.  If  the  cover  of  the  vessel  were  t. 
moveable  piston  having  1  square  inch  area,  it  wonid  in  this  case  require  a  load  of  15  Ibi. 
in  addition  to  the  atmospheric  pressure  npon  it  to  keep  down  the  elastic  ateam  within. 

Looking  at  &b  question  genetfdly,  we  see  tiiat  the  volame  occupied  by  steam  from 
a  certain  quantity  of  water  is  Inveisely  a*  the  pressure,  because  l^e  pressure  is  as  the 
density,  and  the  density  is  inversely  as  the  volume.  The  following  is  the  rule  for  calcu- 
lating ihe  volume  of  steam  at  any  pressure  produced  &om  a  given  volume  of  water. 

JiH&. — Multiply  the  volume  of  water  by  1600,  and  divide  bj  the  pretsuie  in  atmo(> 
plm. 

Sxanyilt  1. — Bcquiicd  the  volume  of  steain  at  4  atmospheres  (or  having  a  preaaon 
of  4S  lbs.  per  square  inch  above  atmospheric  piesanrc)  generated  from  3  cubic  feet 
of  water. 

^^^^'"  =  1200  cubic  feet  of  sleim. 
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Ganfei*el7,  to  find  the  qoutitj'  of  water  neoeaaiy  to  geaenta  a  girea  Tolums  of 

«am  at  a  given  prcMnm. 

Bale. — Multiplj  the  Tolome  of  ateam  by  the  preaaure  in  atnuMpherea,  and  divide 

bjieoo. 

Eiampk  2.— Bequired  the  vat«r  neceMai;  to  genante  1300  cubic  feet  of  atean 


=  3  cubic  feet  of  water. 


1200  X  J 

leoo 

Sxav^  3. — A  cylinder  12  iiudiea diameter  and  20  inche*  long  ia  filled  liO  ti 
Diiiiuts  with  ateam,  haying  a  preaauts  of  30  Iba.  above  that  of  the  atmoaphere ;  required 
the  quantity  of  water  neceeaaiy  to  getiente  tl 

The  area  of  a  circle  12  inchea  diameter  ia  113  aquaiv  indhea,  and  the  capMity  of  (he 
cylinder  ia  113  X  20  ^  2260  cubic  ioohea.  This  capacity  filled  I  ~  ~ 
volume  of  stnun  :=  2260  X  120  ^  271200  oubio  inchea.  Aa  the  ateam  preaaea  with 
30  Iba.  abovs  th&t  of  the  atmoaphere,  or  altogether  with  16  Iba.,  that  ia  3  atmoipheita, 
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1600 


-  =3  MSJ  cubic  inchea. 


From  theaa  ezun[Jea  it  ia  evident  that  a  great  fi>Tce  can  be  obtained  by  aubjecting 
water  to  the  actum  of  heat.  Jnat  aa  a  few  graina  of  gonpowder  ou  being  ignited  be- 
ote  Boddenly  tranafonned  into  a  large  volume  of  elaatie  gaaea,  which  by  their  eipan- 
e  foice  propel  a  ball  with  gnat  velocity,  or  bnrat  aannder  the  B<^id  rock ;  ao  a  amall 
qoantity  of  water  heated  above  212°  ia  changed  iuto  a  perfectly  elutio  vapour,  preaaing 
npou  the  envelopa  containing  il^  and  forcing  any  body  oppoaing  ita  eipanaion  thnii  * 
a  apace  anfflcieutly  great  to  permit  ita  enormona  increaae  of  bulk.  But  not  only  to 
eipanaion  of  ita  votume  doea  vaporized  water  owe  it4  eicelleaca  aa  a  moving  foroe,  for 
ita  increaaed  volnme  can  be  auddenly  reduced  to  a  amall  bulk  by  the  apfdicalion  of  oold, 
>r  the  removal  of  the  heat  which  ia  neceaaary  to  ita  vaporoua  condition ;  and  whatever 
force  the  ateam  excited  in  eipanaion,  ia  returned  again  bj  ita  condanaation. 

Thni  if  a  veaael  containing  1  cubic  inch  of  water,  and  799  cubic  inchea  of  air,  were 
heatsd  ao  M  to  turn  the  water  into  ateam  at  twice  the  atmoepheriu  preaaure,  the  ati 
would  fbroa  out  the  air  and  occupy  its  place ;  acting  aa  it  expanded  with  a  preaaure  of 
16  Iba.  on  every  aquare  inch  above  that  of  the  atmosphen 
Were  the  veaael  DOW  CHiledaoaa  to  reduce  the  800  cubic  inch< 
of  tteam  to  1  cubic  inch  of  water,  the  vacuum  leA  by  the 
condeuaed  ateam  would  be  immediately  filled  by  air  prei 
into  it  by  the  surrounding  atmosphere  with  a  force  of  IS  Iba. 
on  every  square  inch.  Were  the  vessel  fitted  with  a  piaton  or 
partition  capable  of  ahding  upwaids  oi  downwatda  in  it  with- 
out peimittiog  the  pssuge  of  fluid  round  its  edgea,  the  effect 
would  be  the  anme ;  for  if  the  piston  at  A  (Fig.  145}  were  ii 
contact  with  the  water  before  bolting,  and  raiaed  to  B  by  ita 
eipanaion  into  ateam  on  heat  being  applied,  it  muat,  in  riaing, 
have  been  subjected  to  a  pressure  of  30  lbs.  on  every  square 
inch  of  ita  under  auifaoe.  to  aa  to  overbalance  the  atmoaphe- 
ric  preaaure  on  ita  upper  aur&ce  b;  IS  lbs.  On  cold  being 
applied  ao  aa  to  reduce  the  ateam  to  ita  original  volume  of 
water,  the  preaaure  on  the  under  anrface  of  the  piston  being 
removed,  that  of  the  tix  On  tte  upper  aurface  again  &>rcea  it  downwarda  fiom  B  to  A,  it 
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original  poaitioD,  Thiu,  both  in  the  aicenttiadia  the  descent  fheraudeTeloped&ftiice 
applicable  to  the  movemeat  of  machinerf  properly  connected  vith  the  moving  piston. 
In  Older  that  ve  may  attain  wime  notion  of  the  amount  of  this  fbrce,  let  iu  cuppoee  that 
the  piston  haa  an  area  of  1  equare  foot,  and  can  rise  and  fall  2  feet,  and  that  ire  have 
the  means  of  generating  and  condensing  the  steam  in  the  vessel  SO  times  in  every 
minute. 

Einoe  1  square  foot  =^ 144  square  inches, 

And  on  every  square  inch  the  pressnie  is   .      IS  lbs. 

The  total  presaure  on  the  pisbm  ia     .     .     .  21flO  lbs. 

This  force  ia  moved  2  feet  up  and  2  feet  down  SO  times  per  minnte,  ot  through  tt 
space  of  200  feot  per  minute,  aad  is  therefbie  aquiydent  to  2160  X  200  =  432000  lbs. 
moved  through  1  foot  per  minute.  A  horse-power  being  reckoned  at  33000  lbs.  moved 
1  foot  per  minute,  the  force  of  the  pielon,  aa  ve  have  estimated  it,  is  equmdent  b 
—  ~  :=  13  horse-power.  From  this  examj^  it  will  appear  tliat  by  ineteasing  the 
dse  of  tlie  piston,  the  distance  tiimugh  which  it  is  moved,  the  rapidity  of  its  altemationa. 
and  consequently  tlie  meami  of  generating  and  condensing  the  steam,  almost  nnlim 
power  can  be  attained. 

In  many  steam-engines  Bdvantsge  is  not  taken  of  the  power  derivable  from  the  con- 
densation of  the  steam — its  mere  expansive  power  is  employed ;  and,  after  baling  done 
its  work,  the  expanded  steam  is  allowed  to  oacape  into  the  atmosphere.  This  system 
is  adopted  for  the  sake  of  economy,  lightness,  and  wmplicity  in  the  oonsbuction  of 
engine ;  and  such  engines  are  called  Ai^h-pretntn  or  tum-eoHdtiimig :  higlt-prnnart, 
because  the  steam  must  eiert  a  pressure  cooslderahly  higher  than  that  of  the  atmosphen 
against  which  it  has  to  act ;  or  noi%-eondeiuitig,  because  the  steam  is  not  condensed  after 
having  done  its  work.  In  other  stoam-engines,  called  Ime-primurt  or  condemmg 
engines,  alHiough  greater  powor  is  derived  from  tlie  steam,  yet  the  maohinery  is  rather 
more  complex  and  heavy  and  more  liable  to  derangement,  and  a  large  supply  of  cold 
water  is  neceasary  to  efiect  tlie  condensation  of  the  rieam.  Of  late  yeara  many  engines 
have  been  advantageously  employed  where  the  steam  is  flnt  caused  to  act  ss  it  doe 
■  noD'Condensing  engine ;  but  inalaad  of  being  blown  out  into  the  air,  it  is  afterwards 
made  to  da  duty  as  in  a  condensing  engine.  Such  are  called  eembintd  engines,  because 
the  principles  of  expansion  and  condensation  are  combined  in  their  acdon  to  a  greater 
extent  than  in  most  others. 

Before  entering  upon  questions  connected  with  the  piactacal  construction  of  the 
■team-engiite,  it  will  be  advisable,  in  the  first  place,  to  discuss  theorelicaUy  some  of  the 
prinmpal  facts  connected  with  the  expansion  and  pressure  of  steam,  or  generally  of 
elastic  flmds. 

If  we  suppose  a  cylindrical  vessel  fitted  with  an  air-tight  piston,  and  containing  within 
it  a  certdn  volume  of  air,  steam,  or  any  gaseous  fluid  perfectly  elastic,  we  may  represent 
the  amount  of  pressure  which  the  fluid  exerts  on  the  piston  at  B  (Fig.  146)  by  the  length 
of  a  ycrtical  line  B  C.  For  example,  if  the  area  of  the  piston  be  1  square  inch,  and  the 
pressure  on  it  at  fi  be  IS  lbs.,  we  may  draw  a  line  or  oidinato  B  C  IS  inches  lo 
taking  I  inch  fbr  each  pound,  or  15  half  inches,  or  IS  tenths  of  an  inch,  or  any  otJier 
jwoportion  that  we  may  find  convenient.  If  now  we  applied  a  force  to  the  piston  sc 
to  push.it  along  tdie  cylinder  to  some  plaoe  B„  and  there  drew  an  ordinate  B,  C,  having 
a  length  bearing  to  the  pressure  on  the  piston  at  B|  the  same  proportion  as  the  length 
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of  B  C  b«an  to  the  pienure  >t  B, ;  aDdii;i*itber,«a<lTewi(adiiiateBtB^HkdotLen 
at  any  niuaber  of  intenneiliaU  pointi,  ve  might,  b;  bscuig  a  cotre  Cg  Ci  C  through  all 
thepoiutaio  dcteimmed,  exhibit  gnphicaUy  th«  rata  of  Taiiatkonof  pnaauiei 


^ 


to  tliat  of  Tolums  or  denuty.  The  IsT,  ia  vhich  ve  haTs  already  allodeil,  called 
Uarriottf  a  law,  ii  Tsry  Binple,  vii.  that  the  volume  multiplied  by  the  praasuie  ie  always 
coiutont — that  is  to  say,  the  length  of  A  B  (which  repreaenta  the  volume  ot  gaa  when 
the  piston  ia  at  B),  multiplicdby  theheight  of  BC(«hichropre>eDtathepressuieatB), 
gives  the  same  product  aa  that  of  the  length  of  A.  B,  laolt^lied  by  Bi  C|,  or  of  AB, 
multiplied  by  B,  C,, 


0,  C,  G  {Fig.  146)  is  called  die  A»wrMa,  and  it  can  i«adily  be 
tnuwd  getnnetiioally  thni : 
IfAB  (Kf.  147)  be  tie 
given  volume  or  length  of 
the  e^inder  when  the 
ptwiiue  ia  B  0,  take  say 
other  poiiit  Bg  and  draw 
an  mdioate  B|  G  cottiBg 
In  P  a  line  C  E  parallel  to 
A  B ;  join  A  F,  and  pro* 
long  it  to  toeci  B  0  in  D, 
and  thntogh  D  draw  D  C, 
parallel  to  A  B,  catting 
BgGin  Ci;  then  Ciis  the 
point  of  tbs  onrre  cv- 
rcsponi^g  to  B»  for 
AB,  X  B,C:,  or  the  area 
of  the  rectui^  ABi  C,H, 
"•■"'■■  is  equal  to  A  B  X  B  C,  (s 

ttiearea  of  AB  C£,  aa  might  readily  be  proved.    Any  nmnbaof  pointi^  toA  is  Cf, 

being  finind,  the  mirve  can  be  traced  through  them. 
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If,  ineteadof  filliogihe  length  A  B  of  the  cylinder  with  fluid,  and  then  forcing  jn 
the  fdatmi  so  aa  to  oemioeu  it,  inoreaung  the  pressure  in  proportion 
density,  we  cupposed  the  piston  to  be  at  B|,  and  the  part  A  B,  of  the  cylinder  filled 
irith  elastdo  floid,  it  ironld  force  the  piston  towaide  B  widi  {oessuie  grsdually  diminish- 
ing wltix  the  denuty  according  to  the  same  lair,  and  the  cnrre  Cj  Cj  C  would  tenainate 
the  ordiuateeiepresentitig  pieasHreg  along  ihe  otroke  oc  distaixce  passed  over  by  the  i 
This  is  preoisely  &o  ct^ditiou  codei  which  the  piston  of  a  steam-engine  is  ordinarily 
worked ;  and  by  taiing  a  practical  example  we  may  ascertain  what  power  is  doveloped 
by  the  exponaim  of  the  ateam.  We  shall  suppose  that  in  a  Bleam  cylinder  of  1  square 
inch  area  the  piston  is  dose  to  the  end  A ;  and  that  by  an  opening  there  at 
piMEure  of  i  atmoqiheies,  60  lbs.  per  square  inch,  ia  admitted  so  as  to  force  the  piston 
■way  from  A  to  the  position  B»  1  inch  from  A.  The  steam-opening  then  being  closed, 
the  cylinder  oontains  1  cubic  inch  of  steam  i  tdmes  the  density  of  st 
pressure,  and  pressing  on  the  piston  with  a  force  of  60  lbs.  When  the  piston  has 
reached  Bj,  2  inches  from  A,  the  steam  has  expanded  to  2  cubic  inches,  and  is  tlieretbie 

'  its  former  density,  or  twice  that  of  Bt«am  at  atnu>sph«ic  pressure,  acting  oi 
^eton  with  a  foroe  of  30  lbs.  At  B,  4  inches  from  A,  the  density  is  one-fourth  of  &at 
■t  Bj,  and  the  pressure  on  the  piston  is  IS  lbs.  By  reckoning  the  pressures  at  a  number 
of  intermediate  points,  we  might  ascertain  an  average  pressure  of  nearly  3 " "" 
throughout  the  stroke,  and  thoiee  calculate  tlie  power  developed  by  the  movement  of 
piston  to  be  3S  lbs.  moved  throng^  i  inches,  or  140  lbs,  moved  through  I  inch  by 
action  of  t  cubic  inch  of  steam  at  a  pressure  of  4  atmospheres — a  quanti^  that 
wonld  be  g«ierated  &om  i^th  cubic  inch  of  water. 

Now,  if  we  take  another  case,  nsing  the  same  quantity  or  weight  of  eteam,  but  at  a 
diifierent  preasuie,  we  shall  &id  a  marked  difference  in  the  power  developed.  Let  ua 
■uppose  that  ateem  at  a  pressure  of  2  atmospheres,  or  30  lbs.  per  square  inch,  is  ad- 
mitted so  as  to  force  t^  piston  through  2  inches  of  its  stroke  ;  we  have  2  cubic  inches  of 
m  at  2  atmospheres,  which  are  equivalent  to  1  cubic  inch  at  1  atmospheres,  and 
would  be  generated  from  the  same  quantity  of  water,  i^lh  cubic  inch,  at  nearly  the 
tme  expenditure  of  heating  power.  We  shonld  in  this  case  find  the  average  pressure 
a  the  piston,  throughout 
the  stroke  of  i  inches,  to 
be  about  24  lbs.,  or  equi- 
valent to  awei^t  of  96  lbs, 
moved  through  1  inch.  At 
first  sight  it  appears  start- 

of  no  more  heating 
power  in  Ihe  first  case,  we 
ahould  have  obtained  IS 

fer  cent,  more  power  than 

in  the  second ;  but  snch  is 

die  &ct,  nevertheless :  and 

that  it  ia  so  may  be  clearly 

seen  by  the  diagram  (Fig. 

US).    Let  A  B  represent  the  stroke  4  mohes  long  AC  the  pressnre   4  al 

{r^resentcd  by  4  inches  in  height)   continued  through  1  inch  of  the  stroke  as  shown 

by  the  line  C  D ;  then  from  D  let  the  ptessure-cnrve  be  drawn  till  it  ti 
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G,  B  O  being  1  inch  higb,  rapretenting  the  tenniaa]  preanm  1  Binoiphtae.  Then  the 
nreti  of  the  compound  figure  A  C  D  F  G-  B  lepreBenta  the  total  poirei  devBloped  in  die 
fliit  caie  by  the  ezpenditoie  of  a  qnantityof  steamTepreuntedhftheireBof  AHBC. 
Again,  let  the  pre«Bure  in  the  second  ca«e  of  2  atmoapheres,  represented  by  A  El,  2  inches 
high,  be  continued  through  2  inches  of  the  stroke  to  F;  a  portion  of  the  Bane  presmra- 

re  F  G  wiR  enclose  tlie  preesurcB  during  the  rest  of  the  stioke.  In  this  <aue  the 
poTer  is  represented  by  the  srea  of  the  shaded  flgnre  A  B  O  F  E,  the  quantity  of  steam 
eipcuded  being  OS  the  sreaof  AKFE.  Now  the  araaof  AKFE,  or2  X  2  =  4,  is 
precisely  the  same  as  thatof  AHD  C,  orl  >C  4  =  4;  while  the  area  ofABGD  C 
exceeds  that  of  the  shaded  figure  by  the  portion  E  F  D  C — so  much  clear  gain  of  potrer 
by  the  higher  initial  pressure,  aud  greater  range  of  sobeequent  expansion.  "Wo  have 
here  supposed  that  no  reustance  is  oSkred  to  the  raorement  of  the  piston.  If  it  be 
conceived  to  move  in  opposition  to  the  pressuie  of  the  atmosphere,  the  gain  by  expansion 
of  the  steam  is  even  more  malted.  A  hne  G  L  represents  the  constant  atmo^heiic 
resistance,  and  cuts  off  &om  both  figures  an  area  A  B  O  L,  which  leaves  (he  effective 
overplus  of  force  impressed  on  the  piston  so  as  to  move  machinery,  represented  in  the 
e  esse  by  the  area  of  L  G  F  £,  and  in  the  other  by  L  O  D  C.  Numerically,  since 
we  found  the  total  force  in  the  two  cases  to  be  equivalent  to  96  lbs.  and  140  lbs.  respec- 
tively moved  tlirough  1  inch,  and  OS  the  atffio^herie  resistance  is  IS  lbs.  through 
4  inches,  or  60  lbs.  through  1  inch  in  both  cases,  the  effbctive  forces  ore  ss  140  —  60,  or 
SO,  to  96  —  60,  or  36 ;  that  is  to  say,  the  one  is  more  than  double  the  other. 

This  mode  of  graphically  representing  forc^  is  not  only  of  an  interesting,  it  is  also 
of  a  most  useful  chmcter.  Watt  invented  an  instrument  which,  being  applied  to  a 
steam-engine,  could  draw  upon  a  card  a  figure  such  as  we  have  employed,  representing 
the  power  developed  by  the  action  of  the  steam  iu  the  engine.  He,  however,  seemed 
to  consider  it  only  as  an  interesting  toy ;  but  of  late  years  this  instrument  has  been 
found  to  be  of  the  greatest  utility.  It  is  called  the  indiaitor,  and  is  capable  of  not  only 
representing  witlTgreat  accuracy  the  power  developed  in  the  engine  to  which  it  is 
applied,  but  also  of  exhibiting  defects  in  design  and  constmction,  and  of  suggesting 
improvements.  We  shall  have  occasion  hereafter  to  enter  more  partionlarly  into  the 
detaila  of  its  construcdou  and  application. 

The  BoUei* — In  all  steam-engines,  the  boiler  or  apparatus  for  generating  the 
»aia  is  a  part  of  prime  importance.  In  devising  a  good  boiler,  the  problem  is  to 
obtiun  the  greatest  quantity  of  steam,  or  In  bdl  off  the  greatest  weight  of  water  with 
the  least  weight  of  fuel  conaiatentlywith  due  simplicity,  durahiJity,  9trength,and  economy 
of  material  and  labour  in  ite  construction.  It  must  be  a  vessel  capable  of  containing 
water,  and  affording  space  for  ateam  generated  from  it ;  every  part  of  it  being  exposed 
to  the  preEBure  of  the  steam  witluD,  it  must  bo  capable  of  roalsting  this  bursting  forces 
and  in  its  construction  precaudons  must  be  talton  for  safety  in  case  of  the  pressure 
tending  to  exceed  the  etniogth  provided  to  resist  it.  A  certain  portion  of  its  snrfaoe 
must  he  exposed  to  the  action  of  tho  &'e ;  and  as  the  materials  which  we  have  to  use  in 
its  construction  suffer  when  exposed  to  excessive  heat,  and  as  we  cannot,  conmatently 
with  economy,  afford  to  apply  any  portion  of  our  fuel  ineffectually,  we  must  make  pro^ 
vision  fot  having  the  interior  of  the  fire'Surface  covered  with  water  to  receive  the  heat 
communicated  through  it.  The  most  simple  Hnd  of  boiler  is  one  of  cylindrical  form, 
(Pig.  149),  placed  horizontally,  wifli  a  fire  arranged  under  it  so  that  the  direct  heat  of 
the  fire,  and  of  &e  heated  products  of  combustion  in  their  passsge  to  the  chimney,  act 
through  the  metallic  casing  on  the  water  within.    The  water  only  partially  fills  the 
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bqSer,  leaTii^  ft  (pace  above  it  for  iteun,  icliiuh  u  conducted  tana  the  boiler  to  the 
engine  by  a  lape  luding-fram  its  upper  nde. 

It  is  found  by  experiment^  and  indeed  it  seems  to  be  a  reasonable  conclosion,  that, 
within  pioper  limits,  baring  a  oertain  quantity  of  fuel  to  dispose  of,  the  larger  the  «nr> 


Fig.  lU. 

face  of  irater  oyer  which  the  heat  developed  from  comhustion  is  apread,  the  greater  will 
I  bo  the  heating  effect  produced,  or  the  larger  will  bo  the  quantity  of  water  turned  in 
i  Eteam.  In  fact,  it  becomes  tlie  object  of  the  engineer  to  allow  as  little  as  poasiblo  of  the 
j  heat  to  escape  by  the  chimney,  and  eoniequeully  to  arrange  big  boiler  in  such  a  manner 
I  M  to  nuke  the  water  absorb  the  greatest  possible  quanlatj  of  heat,  by  exposing  the 
I  largett  possible  surface  to  the  combustion,  disposiog  that  surface  in  the  beet  mannei 
I  The  strongest  form  in  which  a  vessel  can  he  made  when  it  is  intended  that  it  e 
i  .  resist  internal  pressure,  is  l^at  of  a  spherical  shell.  If  then  in  the  construction  of  stc 
!  boilei*  strength  alone  were  studied,  the  spherical  form  would  be  generally  adopted. 
I  But  of  all  forms  of  ressols,  the  Bpherical  is  that  which  has  the  smallest  surface  in  ' 
'  portion  to  its  capacity,  and  it  ia  consequently  ill-adapted  for  the  purpose  of  a  boiler 
i  where  the  amount  of  heating  surface  is  important.  Next  to  the  spherical  in  point  of 
I  strength,  snd  suporior  to  it  in  respect  of  superficial  area,  is  the  cylindrical  form,  with 
:  hemispherical  or  rounded  ends  (Fig.  H9) ;  and  accordingly  this  fbrm  ia  very  geaerally 
I    adopted  for  steam-boilers. 

In  ardor  to  render  aTailable  as  much  as  possible  of  the  surface  for  receiving  the 
I  heat,  the  heated  products  of  comhustion  are  not  permitted  to  escape  directly  fi-om  the 
fire  iato  the  chimney,  but  are  carried  round  the  boiler  by  flues  generally  in  the  mai 
indicated  in  Fig.  150,  The  boiler  is  placed  on  two  banks  of  brick-wo^  A  A,  between 
wtdch  are  flied  the  fire-bars  B,  so  that  the  flame  may  play  on  the  bottom  of  the  boiler. 
The  products  of  combustion,  heated  to  a  high  temperature,  pass  along  under  the  bottom 
'  of  the  boiler,  upwards  at  the  far  end  C,  thence  along  the  side  flues  D  D  formed  by  brick- 
work, till  they  finally  proceed  by  any  convenient  flue  or  channel  D  to  the  chim 
By  this  Birangement  a  large  portion  of  the  beat  contained  in  the  products  of  combustion 
is  absorbed  during  their  passage  along  the  bottom  and  side  surfaces  of  the  boiler,  and 
given  to  &e  water  contained  in  it ;  while  the  briok-work,  being  a  Terj  im^rfoct  con- 
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dncbn  of  host,  pennita  Teiy  litdfi  to  eaoape  iMfiectively.     ThB  powra  of  ■  bwler 
unuged  in  thia  manner  depends  upon  the  extent  of  flre-gT«te,  or  quantity  of  dHnboH^ 
tibU    matter    ooaeumed    m    a 
given  time,   and  the  Bupedcial 
arcfl   of  boiler    on   irhich   the 
prodncU  of  combustion  pla;  in 
theii  coone  tovarda  the  chim- 
ney.   That  theFe  should  be  some 
relation  between  thoae  quantities 
-will  be  evident  from  tlie  follor- 
ing  considerations.     If  the  quan- 
tity of  fuel  oonaiUQed  be   very 
great  while  tie  flue-surfiioe  is 
imall,  the  products  of  combus- 
tion wiU  not  have  sufficient  op- 
portunity for  parting  with  their 
heat,  and  will,  therefore,  carry 
up .  the  chimney   and   waste   a 
large  qmountof 
beating    pow- 
]  er,  which,  by 
better  arrange- 
mente,    might 
be  made  to  tell 
uponthe  water. 
If,  on  the  other 
hand,  the  fire- 
grate   be    too 
01,      while 
the  flne-sui&ce 
I  islai^thepio- 
~  ducts  of  com- 
bustion     will 
have      parted 
with  their  heat 


flie  chimney^ 
•  large  pottion 
of  the  flue-Eur- 
bce  win  thus 

fbe       rendered 
uaeleas,      and 
',    the      dteught 

f  [caused  by  the 
aacent  of  heat- 
Ti-kv,  ed  sjT  in  the 

Flg.lJO.  chimney)   will 

be  slug^sh,  and  the  combustion  glow.    We  believe  tbftt  practically  it  will  ba  found 
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ftdnmtageoui  to  *dept  the  foUoiriag  rulei  u  to  sua  itf  &re-BT«te  and  qmati^  of 

flne-MufaM  in  m  boiler,  suoh  u  'we  ixve  deieribed,  called  the  cylmdiical  ^^^ended 

To  Aa  diameter  of  the  boiler  multiplied  hj  its  length  uld  one-half:  the  result  may 
be  takm  u  the  flue-iuT&ce ;  and  thia  product  (in  aquam  f»i>t)  ahauld  be  10  times 
hone-power.    Xhua,  in  a  boiler  4  feet  S  inches  diuneter,  aud  15  feet  long ; — 

Since  15  feet  X  *i  feet  ^ 67J  sqnarc  feet. 

Add  one-half 33J      „      „ 

The fluo-EUT&oe Inay  be  ttken  at  .  .  .  lOlJ  „  „ 
Or  oqaivalont  to  10  hone-power.  Again,  fbr  every  hone-power  tJicrc  should  bo  stha  of 
a  square  foot  of  fire-grate.  For  10  horee-power  there  ahould  therefore  be  7J  square 
feet  of  flie-gTRtc,  a,  surface  that  might  be  made  up  by  taking  the  length  of  the  fire  3  feet 
9  inches,  and  the  width  2  feet,  iinoe  3  feet  9  Inches  x  2  feet  —  7J  square  feet 

The  converse  rule  for  finding  tte  dimensions  of  a  boiler  suitable  to  a  given  paver 
is  tbe  following : — From  10  times  the  hoiae-powor  subtract  its  Jrd  part,  and  the  result 
will  bo  the  product  of  tlie  diaaietcr  by  flie  length.  Thus,  lo  make  a  boiler  of  10  horse- 
power : — 

Bince  10X10= 100    « 

Subtract  jrd= »ai 

The  product  of  diameter  X  length  = HSf 

Wcorc  at  liberty  to  tate  any  conTCnientdiametctandleiigth  that  might  maie  up  i 
product  within  proper  limits.     Thus,  maldng  the 

ft.  ft,  in. 

Diameter  3  and  the  length  must  be  2S  3  product  66{  square  fbet. 
*  .>  ..  16  8      „        66| 

„        5  „  „  13  4      „        66|  „ 

..       8  ,.  ..  11  2      „       e? 

„        7  „  „  9  6      „        66J 

Adj  of  those  diniensiona  may  be  chosen  according  to  the  particular  circumstance 
the  case.  Were  we  to  take  s  diameter  smaller  than  3  feet,  with  a  greater  Icogth  than 
22  feet,  (nr  a  diameter  greater  than  T  feet,  witti  a  length  less  than  9  feet  6  inches,  v 
should  flad  piMtieal  difficulties  in  flaog  and  working,  and  lose  nscfol  effitct  from  the 
extreme  lengthening  or  shortening  of  the  flues. 

When  it  is  desired  to  obtain  greater  heating  surface  within  a  smaller  space,  it  is 
found  very  advanti^eoug  to  construct  the  boiler  of  cylindtical  form,  with  a  cylindrieal 
ttue  or  tube  passing  througlt  the  water ;  so  that  not  only  may  the  exterior  surface  ex- 
posed to  the  flnea  receive  heat  fivm  the  products  of  combustion,  but  also  the  interior 
siirfioe  of  the  tube.  When  thia  tube  ia  made  of  sufficient  size  to  admit  the  firo  within 
it,  as  in  Fig.  ISl,  the  boiler  is  called  a  Coniisb  boiler,  from  the  circumstance  of  ita  being 
Srat  extensively  qtplied  with  excellent  efieet  in  Cornwall.  The  arrangement  of  Sues  for 
a.  Oomish  boiler  ia  generally  similar  to  that  represented  in  the  figure.  The  boiler 
restaiHi  two  banks  of  brick- work  A  A,  with  a  space  far  the  bottom  flue  B  lefl  between 
ihem.  The  fiie-grate  is  fixed  at  C  ia  the  &oat  portion  of  the  tube ;  and  the  products  of 
combustion  pass  along  the  tube,  spread  at  the  end  E  into  the  two  side  flues  F  F,  deseeud 
St  G  0  to  the  botti>ra  Sue  B,  and  pass  thence  to  the  chinuwy.    The  quantity  of  Bue< 
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•nr&cein  b  boiler  of  this  kind  ezoeecU  that  in  die  limple  cylindrical  boiler  by  nearij    | 
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Tha  ocmteno  operatioa  for  finding  Uie  dimeouoiu  of  the  boilec  when  tlie  pover  ia 

giTsn,  wouldbe: — Frton  10  timea  the  power  aubtraet  its  Jrd  part;  and  the  remainder 

giveg  the  iTOdnet  of  the  length  by  the  mm  of  the  external  and  iutenul  diametera. 

Sxan^pl*. — Thus,  for  a  boiler  14^  hoiee-powcr — 

Binoe  10  X  14J  = 146 

Babtract  }rd  of  145 48| 

fl7  nearly. 

Eras,  B7iB  the  product  of  the  length  by  the  Bum  of  the  eitcraal  and  internal  diameters. 
In  this  c^4e,  again,  we  must  coneult  the  circiimatancea  of  positioa  far  detenniiuiig 
the  suitable  length  and  diameters.  The  diameter  of  the  tube  should  not  greatly  exceed 
balf  that  of  the  boiler,  because  there  should  he  an  ample  cOTcrirtg  of  water  oyer  all  the 
heated  gnr&dea.  And  again,  it  should  not  be  less  than  1  oi  2  feel,  because  it  must  admit 
niffioient  area  of  fire-grate  without  eioessiFe  length.  The  flr%-grate  in  the  ease  given, 
nekoaing  ^tha  of  a  aquaro  foot  per  horse-power,  should  be  about  1 1  sr[uare  feet ;  and  as 
n  length  of  fiie  eicepding  5  or  6  feet  would  become  inconToaienl,  we  muat  take  it  at 
least  2  icet  in  breadth— that  ia  U>  say,  the  diameter  of  the  tube  must  be  2  feet.  The 
diameter  of  the  boiler  might  then  be  4  feet,  and  the  length  would  he  fur  these  diametciB 

-r-;  —  =  IS  feet.  Were  we  to  take  the  diameters  as  3  feet  for  tiie  tube  and  5  feet  for 
3  +  4 

the  boiler,  the  length  would  be     _/    ■  =  12  feet. 

We  believe  it  will  be  found  practically  advantagooua  to  make  the  length  a  little 
more  than  three  times  the  diameter  of  the  boUor,  the  diameter  of  the  tube  being  rather 
more  than  half  that  of  the  boiler.  For  14J  horae-power,  according  to  this  proportion, 
we  should  have 

Diameter  of  boiler     .......      4  feet  6  inches 

Diameter  of  tube 2   „     6     „ 

Length  of  boiler ■  14   „     0     „ 

In  oases  where  the  dimensions  of  the  boiler  are  considerable,  two  ot  more  tubes  are 

introduced,  as  in  Fig.  162.     The  tubes  are  always  

placed  as  low  as  possible,  allowing  4  to  6  inches  ^^""^     ^^"'Nv 

between  ibem   and    lie   outer   caaing,  in   order    to  ^  ^fc 

have  their  upper  aud  hottest    surfacoa  well  covered        f  \ 

with  water,  without  interfering  iuconveuienOy  with  mAim/m^^m^^^^9^ 
the  steam  space  above.  ^^^^^^^^^^^^^^^^3 

For  marine  ateam-boiiera,  where  brick-work  set-  R-^''''*'M^5^^'~*^^3 
ting  would  be  inconvenient,  it  ii  usual  to  arrange      W^T  1=W  E^^ 

the  whole  heating-surface  within  the  boiler,  by  meana       >^  ^^i  Iff 

of  flues  pervading  it  in  all  directions   (Fig.  153),         ^^rt^r^-^s.^^ •  •'^' 
The  water  is  thus  divided  into  sheets  about  6  inihea  ^^^^-OS^g^^^ 

(hick ;  heated  on  one  or  both  sides  by  the  products  of  ' 

oombustion  as  they  pass  along  the  flues.     In  all  such  ^^' 

boilers  a  heating-surface  of  at  least  10  aquare  feet  per  horae-power,  and  fire-grate 
fhimi  tofth  of  asqaain  fbotper  horse-power,  should  be  provided.  Nor  should  the  flues 
be  too  small  in  sectional  area,  nor  too  much  brokon  up  or  prolonged,  lest  the  draught  or 
lupidity  of  movement  of  air,  and  consequently  of  combustion,  be  interfered  with,  0 
lBt«  yeaw,  tubular  bmlora  have  been  vary  ortensively  adopted,  both  for  marine  and  for 
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Itmd  en^iun.  HeM  vera  fint  amployAd  principillj  in  losooMliYe  «n{ 
affivded  i 
BBCDiing  lerf  large  flne. 
mftcs  withm  tt  linuted 
■pace,  and  wltbout  ex- 
wmn  weight  of  ma- 
teriaL  Fig.  IS4  Tepre> 
aants  the  arraogemsnt 
of  tubes  in  a  looonto- 

The    bodj    of    the 

boiler  A  is  cylindrical : 

at   ono   end    B  ii  the 

flre-box,  Bmraunded  bj 

^•*"'  water   ipaoai     at    the 

other  end  C  is  tiie  smoke-boi,  ntRUoanted  by  the  chimney.    In  the  body  are  urtuiged 

numerous  small   tnbea  com-  ' 

plstely  aurrounded  by  water, 

through  which  the  products 

of  combustion  pass  in  their 

progrcBS  &om  the  fire  to  Uie 

chimney,  deliveringthe  greater 

portion  of  their  heat  to  the 

surrounding     water.        The 

evaporating  power  of  a  boiler 

of  this  Uud  is  Tery  great,  as 

we   may  readily  believe   on 

calculatiiig    the    amount   of 

heating-Burfece  in  a  boiler  of 

the  following  dimensions  : — 
Fire-box  inside,  3  feet  6 

inches  X  3  feet  6  inches  X  3  foet  6  inches 

has  60  square  feet  actually  eipoaed  to  the 

fire,  and  therefore  most  vnluable  as  hoating- 

Eurface.     120  tubea  2J^  inches  diameter  and 

10  feet  long  give  800  square  feet  of  effcetive 
fluo  surface;  the  whole,  including  soioke- 
box,  being  contained  iu  a  space  about  13 
ftet  long,  4  foet  6  inches  wide,  and  4  feet  6 
inches  high. 

We  have  now  described,  generally,  the 
different  kinds  of  boilers  used  for  genera- 
ting steam.  They  arc,  of  course,  subject  to 
numerous  modifications  in  their  details  and 
proportions,  according  to  local 
stances  and  peculiaiitiee  of  use  and  situation. 
They  are  generally  made  of  wrougbt-irtai  ^'  *'*■  j 

plates,  from  Jth  inch  to  Jths  inch  in  thickness,  according  to  the  magnitude  of  the  work, 
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and  dte  unonnt  of  preggnre  which  they  are  intended  to  nutain.      These  plates  ai 

le  to  OTolap  ««■:&  other  at  the  edges,  and  are  fiurt«ned  together  by  riveti  or  Tonnd 
pins  of  iron  paued  red-hot  through  holes  prorided  in  the  plates,  and  riieted 
r  BO  as  to  form  a  head.  A  heavy  piece  of  iron  is  hdd  against  thu  under  side  of  the 
rivet-head,  and  the  other  end  of  the  rivet  is  ttmck  repeatedly  by  heavy  Timmr 
and  freq^uendy  finished  by  applying  a  tewl  hoUowed  to  the  shape  of  tie  intended 
head,  and  striking  the  tool  by  the  hummers.     The  rivet,  when  tie  operation  is  o 


plete,  is  of  the  form  A.  (Fig.  IG5)  when  finished  by  smart  hiunmermg,  cslled  itaf- 
'iteting ;  and  like  B  when  finished  by  the  tool,  being  then  said  to  be  batton- 
headed.  As  the  opcratiDn  of  riveting  Is  perfonned  when  the  rivet  is  red-hot,  not  only 
Is  the  quaKty  of  the  rivet  not  impaired  by  the  hammering,  as  it  would  be  if  hammered 
when  cold,  but  also  the  contraction  or  shrinhing  of  the  rivet  in  its  lei^th  when  it  cools 
draws  the  two  plates  together  with  great  ^rce,  and  renders  the  joint  impervious  ti 
fluid,  "When  it  is  found  by  trial  that  the  joints  of  the  plates,  or  the  edges  of  the  rivet- 
heads,  are  not  quite  tight,  as  manifested  by  the  leakage  of  water  or  steam  through  any 
of  them,  a  blunt  steel  tool  is  applied  to  the  leaking  edge,  aad  struck  smartly  by  • 
hammer,  so  as  to  caolk  the  joints  or  force  part  of  the  iron  into  the  crevice. 

[f  we  suppose,  for  instance,  that  an  op^iing  exists  between  the  plates  at  B,  and 


nmnd  the  rivet>head  at  A  (shown  greatly  exaggerated  in  Fig.  1S6),  the  caulking  tool 
applied  at  the  points  marked  C  forces  the  iron  of  the  plate  edges  and  of  the  rivet-heads 
the  intargticeB,  and  lina  renders  the  jointing  tight.  For  jointing  the  plates  at  the 
angles,  a  peculiar  kind  of  iron,  called  angle-irim,  indicated  in  section  at  A,  Fig.  1ST,  is 
employed  ;  and  where  there  are  considerable  flat  surfaces  of  plate  exposed  to  buisting, 
pressure  stays,  B,  are  introduced  at  proper  intervals  to  prevent  the  plate*  from  being 
forced  asunder. 

For  fixing  the  tubes  of  tubular  boilers  in  the  plat«s  through  which  they  pass,  holes 
refiist  bored  ia  the  jdatei  of  a  proper  dse  to  fit  the  tubes  tightly ;  and  the  tabes  being 
cat  of  the  proper  length  and  put  in  their  place,  the  ends  are  fbroed  open  by  means  c  ' 
conical  tiral  driven  by  hammering  into  their  mouths.  Olhei  methods  of  fixing  tubes  and 
stays  are  employed ;  and  there  are  numerous  other  details  of  bailer-niaking  of  a  technioal 
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tbtxteter,  upon  vbich  we  need  not  enter.    The  Amuce  or  &ra-grete  of  k  braler  is 
genm^y  made  of  muneroiu  ban  of  irrongh  or  cut-inm,  laid  side  by  aide  m  m  to  toaa  a 


Fig.    157. 

grating  on  which  the  fiiel  is  placed,  leaving  spaces,  about  i  inch  wide  between  Ihi 
ban  for  the  passage  of  air  opwaidB  to  support  the  combuition,  and  of  the  ashes  01 
incombustible  refuae  downwards  into  tho  ashpit.  In  &ODt  of  the  bars  there  is  gene- 
rally placed  a  dead-plale  or  surface  wilhout  openings,  to  receive  the  fresh  fuel,  which, 
lying  tbere  for  some  time  exposed  to  the  radiation  of  the  fire  beyond,  parts  with  a  por- 
tion of  its  gases,  and  is  partially  cokt-d  before  it  is  pushed  onwards  to  the  fire-grate. 
The  gases  are  ignitod  in  their  passage  over  the  hot  fire,  and  produce  flame,  whicb 
plsys  on  the  aurfaeea  of  tho  fiues.  When  the  supply  of  air  is  deficient,  large  volumes  of 
these  liberated  gases,  having  numerous  particles  of  carbon  suspended  in  them,  pass 
through  the  flues  without  ignition,  and  thence  through  the  chimney  as  black  smoke. 
When  this  happens,  not  only  is  a  large  and  valuable  part  of  the  file!  wasted,  but  the  air 
ia  inconveniently  polluted.  The  object  of  smoke-conanming  apparatos  is  to  prevent 
this  evil ;  and  the  general  principle  on  which  all  such  apparatus  is  constructed,  is  either 
to  manage  the  production  of  these  gases  in  such  a  continuous  regular  manner  aa  that 
sufficient  air  may  he  supplied  for  their  combustion  when  they  are  sufficiently  heated  U 
ignite — or  to  inpply  heated  air  in  some  part  of  the  fines,  so  as  to  turn  into  flame  there 
the  gases  that  would  otherwise  escape  unconaumed. 

The  chimney  of  a  ateam-boiler  ehonld  be  of  sufficient  area  and  height  to  produce  a 
good  draught  or  qoick  enrrant  of  tbe  heated  products  of  combustion.  When  tW 
draught  ia  insnfflcient,  the  fresh  ur  supplied  to  the  fire  is  too  small  in  volume,  the  com- 
bustion is  retarded,  and  the  floes  *ie  filled  with  smoke  instead  of  flame.  A  chimney  of 
80  or  40  fset  in  height,  and  having  an  area  of  1  square  foot  for  10  horse-power,  generally 
gives  B  anffioient  draught.  Where  height  cannot  be  ohtsined,  as  in  locomotive  engines, 
the  waste  steam  ia  made  to  rush  up  the  chimney  with  considerable  force,  and  thna  to 
create  an  artificial  draught.    The  chimney  or  flue  leading  to  it  is  provided  with  a 
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damper  or  Biide,  by  vhioh  the  um  of  pnrwnge  may  1m  dimlnwhed,  and  the  diftught 

reduced  at  ploasnre.    At  conTenJeot  places  ia  the  does,  MOt-doora  are  fixed  for  giving 
aeceea  to  dean  tbMn  from  toot  or  aihei  d^peaited  tliere. 

As  aU  vater  supplied  to  boilera  at  more  or  loi*  impure,  t»  oontaini  ingredieiils  tliat 
become  deposited  while  (he  vater  itself  is  driTeu  off  in  the  ibrm  of  rapour,  it  isesi 

o  plOTide  for  the  frequent  cleansing  of  boilers.  In  marine  boilers,  particularly 
where  sea-vater  is  necessarily  employed,  the  deposit  of  saline  ingredienta,  none 
which  are  volatile,  or  pass  off  with  the  steam,  is  very  large,  and  of  a  very  troublesoiiie 
character.  It  generally  settles  in  the  fonn  of  a  hard,  stony  crust  upon  the  interior  sv 
faoe  of  the  boiler  ;  and  as  this  orust  is  a  very  bad  conductor  of  heat,  not  only  is  then 
waste  of  fuel  where  it  exists,  oving  to  its  arresting  the  passage  of  the  heat  &om  the 
fines  to  tie  water,  but  there  ii  a  positive  danger  from  the  cironmstaoce  that  the  into: 
BurCnces  of  the  flues  are  thus  over-heated,  and  the  iron  of  which  they  are  made  becomes 
rapidly  oiydiziid,  scaling  off  in  flukes,  losing  tlxickncss  and  etrength,  and  becoming 
liable  to  disruption  from  the  pressure  within  exceeding  the  strength  left  to  sustain  il 
As  salt-water  docs  not  deposit  rapidly  until  it  becomes  super-saturated  with  salt,  it  i 
usual  to  permit  ireqnently  the  escape  of  a  considerable  ijuantity  of  the  excessively  salt 
'a  the  boiler,  and  to  replace  it  with  new  water  Irom  the  see,  less  salt  and  lesa 
liable  to  deposit.  For  effecting  this  object,  and  also  for  emptying  the  boiler  when  n 
quired,  a  pipe  and  cock,  called  technically  the  ilom-af,  is  fitted  to  the  lower  port  of  the 
boiler.  This  cock  should  be  frequently  opened,  eapeoially  where  the  water  Is  very 
dirty  or  of  a  saline  character,  and  the  worst  part  of  the  contents  of  the  boiler,  which, 
being  heaviest,  lie  near  the  bottom,  thus  blown  out.  In  order  to  save  the  loss  of  i 
occasioned  by  frequently  bloving  off  the  hat  impure  water  from  marine  boilers,  and 
replacing  it  by  cold,  but  purer  water,  an  apparatus  called  the  tlumge-waier  apparatta  is 
sometimes  employed.  It  eonsista  of  a  casing,  with  numerous  small  tubes  arranged  in  it 
IS  in  a  tubular  boiler.  A  portion  of  the  contents  of  the  boiler  being  always  permitted 
\d  flow  throngh  the  casing  and  theuce  into  the  sea,  a  corresponding  quantity  of  purer 
water  is  made  to  pass  through  the  tubes  te  the  boiler ;  and  the  latter  thus  is  mndi 
absorb  in  its  passage  tJitrough  the  tubes  a  considerable  portion  of  the  heat  given  out  by 
the  former  in  its  passage  round  them. 

Hnd-holcB  are  small  holes  provided  in  the  lower  parts  of  boilers,  and  fitted  with  tight 
covers,  which  may  be  removed,  when  the  boiler  is  not  in  use,  for  the  admission  of  a  rake 
to  draw  out  the  mud  deposited  from  the  water. 

The  man-hole  is  an  opening  suffioieatly  lit^e  Xa  admit  a  man,  provided  in  the  upper 
part  of  a  boiler,  and  fitted  with  a  tight  cover,  which  may  be  removed,  when  the  boiler  is 
not  in  uao,  fbr  the  admission  of  a  man  jbr  cleaning  or  repairs. 

In  boilers  having  considerable  flue  surface,  but  not  great  height  of  steam-rocsn 
above  the  wator-level,  there  is  always  a  danger  of  priming — that  is  to  say,  the  water  in 
rapid  state  of  ebullition  is  often  mode  to  boil  over,  or  blown  in  considorable  quantities 
to  the  steam-pipes,  and  thence  into  the  engine,  where  it  is  not  only  useless,  but  highly 
D  of  the  machinery.  It  is  usual,  therefore,  to  provide  a  boiler 
t  or  dome  in  its  highest  part,  to  give  greater  space  for  steam  and 
greater  height  fbr  the  mouth  of  the  steam-pipe  above  tiie  surface  of  the  boiling-water. 
In  general,  there  should  not  be  Isas  than  six  inches  of  water  above  the  flues,  nor  less 
than  thveo  feet  of  atesm  room  above  the  water.  In  marine-boilers,  where  the  water  is 
sniged  about  by  the  rollii^  of  the  vessd,  there  should  be  at  least  double  the  height  named 
BhonLl  the  level  of  the  water  be  so  low  that  the  mtlaoe  of  a  fine 
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ioloiigereoTeredb^it,tlioflueiB  liable  to  become  OTer-hosted,  Bometlmea  torednen; 
the  iron  ia  •oflened  and  weakened  hj  the  oxcesave  heat,  *ad  rapidly  deteriorated  by 
oiydation  and  scaling  off.  But  this  ie  not  the  only  danger  of  an  over-beittcd  flae ;  for 
ttte  water  again  corering  it,  the  enonnoiu  Tolume  of  steam  suddenly  generated  pro- 
dooea  an  eicen  of  preunre,  and  cauacs  an  eiploaion  of  the  boiler.  We  believe  almost 
every  case  of  explosion  can  be  traced  to  some  cinsurastonce  connecled  vith  a  deficient 
supply  of  water ;  and  therefore  too  much  caution  cannot  be  used  in  watching  the  ci 
ditian  of  the  water-level,  and  providing  the  proper  snppl^  or  feed. 

In  order  to  ascertAiu  the  wnter-level  within  the  boiler,  several  kinds  of  appaiatoB  are  e 
ployed.  Tbe^fiaalA  (Pig.  1S8)  consists  of  a  stone  suspended  by  a  wire  paaaiiig  through  the 
top  of  the  boiler,  and  connected,  by  a  chain  passing  over  a  pulley,  with  a  counter-balance 
veight,  safficient  to  balance  so  much  of  the  weight  of  the  float-gtone  that  it  shall  always 


lie  at  the  (uriace  of  the  water.     Bhoi  '■^  ,  the  position  of  the  float- 

stone,  which  rise*  or  jails  with  it,  ia  marKen  oy  an  inaei  on  the  pulley. 

Qauge-eoda  B  C  are  two  atop-eocka  fitted  into  the  face  of  a  boiler,  one  above  and  the 
other  below  the  [soper  water-leveL  When  theee  coclia  ere  opened,  ataam  should  blow 
through  the  upper,  and  water  through  the  lower  one.  The  objootion  ia  gauge-cooks 
coosists  in  the  circumatonoe  that,  in  oider  by  tliem  to  ascertain  the  level,  tbe  attendant 

lust  open  them. 
The  gUut  gaugt  consists  of  two  atdip-coclDi,  D  and  F,  fitted  in  the  lace  of  a  boiler, 

ne  above  and  tlu  other  below  Qa  water-line.  These  cocks  are  connected  by  a  glass 
tube  E,  in  which  the  level  of  ike  water  is  distinctly  seen.    A  stop-cock  G  ii  provided 

it  the  lower  end  of  the  glass  tube ;  and  tluB  being  oocasionally  opened,  the  sedinent  that 
may  collect  in  the  tube  or  passages  of  the  oocks  is  blown  out  by  the  pressure  withia  the 
bailer.  Should  tlie  glass  tube  burst,  the  stop-oooks  D  and  F  can  be  closed  until  a  new 
tube  is  Btted,  or  they  can  be  employed  as  gauge-cocks. 

Occasionally  the  float  is  connected  with  a  whistle  in  such  a  manner  tiiat  when  the 
level  of  the  water  becranes  too  low,  it  opens  a  small  slop-cock,  which  permits  steam  tc 
blow  through  the  whistle,  and  thua  give  audible  warning  of  the  danger. 
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In  manj  boileis  an  ingemoua  pr«c«utiou  is  taken  against  tiie  dangerous  conaequeDcaa 
of  inauffioiency  of  waUr,  bj  the  uae  of  fusible  meUl  plogs.  A  hole  is  made  in  tJ 
highest  part  of  the  fire-box  or  flue,  which  is  filled  up  irith  a  plug  or  rivet  of  metal 
fusible  at  a  temperature  not  greatly  exceeding  that  of  boiling-water.  So  long  as  this 
plug  is  covered  with  water,  its  temperature  cannot  attain  the  melting  point;  but  should 
it  be  left  bare,  the  heat  of  the  fiie  playing  upon  it  causea  it  to  melt  out,  and  thuB  to 
leave  a  hole,  through  which  the  atoam  eseapes  into  the  flue.  Not  only  doea  the  rash  ol 
the  escaping  steam  give  warning  of  the  ciieumstance,  but  it  also  relievefi  the  steam- 
pressum  within  the  boiler,  and  prevents  the  explosion  which  mi^t  otherwise  Temdt 
~  om  the  over-heating  of  the  flue. 

In  low-pressure  boilers,  the  float  occasionally  is  made  to  act  as  a  self-feeding  appa- 
ttua.     A  (Fig.  169)  is  ft  ciatem  constantly  supplied  with  water,  and  fitted  at  b 
with  a  valve  opening  downwards  into  a  pipe 

iing  down  to  nearly  the  bottom  of  tbo 
boiler;  the  float  B  is  connected  by  a  wire  and 
lever  with  the  valve,  bo  that  vhen  the  water- 
level  ig  too  low  the  descent  of  the  float  causes 
the  valve  to  open,  and  thus  permits  the  passage 
of  water  Irom  the  cistern  into  the  boiler.  This 
arrangement  can  only  be  adopted  when  the 
piessnre  of  the  steam  within  the  boiler  do^  not 
eiceed  that  of  the  column  of  water  in  tbo  feed- 
pipe. Pmr  high-pressure  boilers,  tbe  height  of 
cistern  and  feed-pipe  wotUd  be  inconveniently 
great  to  overcome  the  pressure ;  accordingly,  for 
bigb-prcsaure  boilers  and  for  marine  boilers, 
t^  supply  of  water  is  ofTected  by  means  of  a 
foice-pump,  called  the  f^-pump,  ^worked  by 
tbe  engine,  and  regulated  by  suitable  cocks  or 

The  quantity  of  water  required  for  a  boiler 
may  be  generally  taken  at  1  cubic  foot  per  horse- 
power per  hour;  or,  as  1  cubic  foot  contains 
about  6J  gallimi,  and  weighs  about  63  lbs.,  we 
may  take  1  lb.  of  water  per  minute,  or  I  gallon 
every  10  minutes,  as  the  necessary  supply  for 
each  horse-power.  The  actual  quantity  of  water 
tequired  ftir  generating  steam  to  work  an  engine  of  1 

construction  of  the  eng^e,  the  extent  lo  which  tbo  si 
■mount  of  power  derived  from  condensation,  or  the  amoui 

vaste  steam,  if  not  condcns;^ ;  but  the  above  eatimate  is  tolerably  cc 
lenaing  engines  wOiked  without  much  expansion,  and  is  in  eicess  for  condensing 
ines,  and  such  engines  as  those  in  which  the  expansive  force  of  the  steam  is  tak 
adrantage  of,  so  as  to  produce  great  effect  with  small  expenditure  of  steam. 

It  has  been  found  by  experiment,  that  1  lb.  of  ordinary  fuel — coal  or  coka- 
eapable  of  turning  &om  8  to  10  lbs.  of  water  into  steam,  according  to  the  capabilities  of 
the  boiler.  Taking  the  lower  estimate,  wc  should  reckon  that  as  63  Iba.  of  water  are 
lequired  per  horae-power  per  hour,  about  8  lbs.  of  fuel  per  horae-power  per  hour  would 


1  horse-power  depends  nmoh  npon 
ed  eipanuvely,  the 
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be  etxunaaed.  In  oondeiuiiig  enfinea,  Torkmg  ezpuuively  tod  under  the  most  advMi- 
tBgeooB  ciieDmBtanc««,  the  comuinption  of  ftiel  hw  been  Teduced  ao  low  u  &om  2)  lbs. 
to  3  Iba.  per  hone-powei  per  hoar.  In  non-oondensiDg  enginM,  wlien  the  stesm  ii 
nsed  to  a  eonaiderable  extent  eipuinvelf ,  from  fi  Iba.  to  7  Ibe.  of  fliel  per  borse-poirer 
per  hoiii  is  nelriy  tlie  ATenge  GODiuinptian. 

It  nuy  be  readily  eonceired,  that  when  wat«r  contained  in  a  vesad  or  bmler  of 
limited  abvngtii  is  BubjecUd  to  heat  in  each  a  maimer  as  to  torn  part  of  it  into  iteam, 
exerting  unlimited  pressare,  there  would  be  constant  risk  of  eiploaton,  unleaB  si 
moaaure*  were  taken  for  limiting  the  force  of  the  ateam,  and  prerentiiig;  ita  piennre 
from  exceeding  that  which  the  boiler  could  aafely  luatain.  Every  boiler  ia,  therefore, 
Titted  with  one  or  more  aafety -ralres,  which  conititute  the  most  important  of  the  boiler 
fittings. 

The  principle  of  the  aafety-Talve  ia  exceedingly  aimple.  As  fluids,  and  there- 
fiire  steam,  press  equally  in  all  directiauB,  any  part  of  the  boilei-cusing,  auch  as  I  square 
inch,  is  Babjecled  to  the  presBure  of  the  steanL  If,  then,  we  make  a  hole  in  the  upper 
part  of  a  boiler  1  enuare  inch  in  area,  and  cover  it  with  a  lid,  laying  on  this  lid  a  weight 
sitch  as  SO  lbs.,  we  can  apply  heat  and  generate  steam,  which,  as  soon  as  its  pressure 
exceeds  SO  lbs.  per  square  inch,  will  lift  the  loaded  lid,  and  permit  a  portion  to  esQ 
Should  the  generating  power  of  the  boiler  be  moda^te,  the  raising  of  the  lid,  and 
escape  of  a  portion  of  steam,  would  prevent  Ibe  preasnre  from  ever  exceeding  that  due 
to  the  weight  on  ibe  lid ;  bat  should  the  steam  be  generated  more  rapidly  than  it 
escape  through  the  hole,  the  pressure  must  go  on  accumulating,  until  the  strain  to 
which  it  Bubjecta  ibe  boiler  exceeds  the  ati'ength  of  the  material  of  which  it  ia  made, 
and  sn  explosive  rapture  ia  the  conseqaence.  It  is,  ttierefbre,  important  to  provide  i 
safety-valve,  with  an  opening  of  sufficient  size  to  permit  the  escape  of  steam  as  rapidl] 
as  it  can  ever  be  generat«<l,  and  te  load  it  with  a  ifeight  not  greater  than  the  pieBsan 
which  the  boiler  can  safely  boar.  Boilers  are  generally  tested  before  ose,  under  i 
pressure  very  much  greater  than  that  with  which  tbey  are  to  be  used.  For  condenmng 
engines,  the  pressure  seldom  exceeds  20  lbs.  per  square  inch ;  for  ordinary  non-i 
deusing  engines,  £0  lbs.  or  60  lbs.  per  square  inch ;  and  for  locomotivea.  it  is  as  big! 
120  lbs.  and  loOlbs.  per  square  inch  above  that  of  the  atmosphere.  The  area  of  the 
safety-valve  should  not  be  less  than  ith  square  inch  per  horBC-power, 

Fig.  160  represents  a  Bafety-valve  of  the  ordinary  construction.  A  is  a  box  fixed 
over  a  hole  B  in  the  upper  euHaee  of  the  boiler,  having  a  truly-iitced  seating  on  wbich 
the  valve  G  can  rest.  The  stem  of  the  valve  passes  through  the  cover  of  the  box, 
where  there  is  a  gland  or  stuffing-box  to  prevent  the  escape  of  steam  round  the  stem. 
A  pipe  B  conducts  the  steam  that  passes  (he  valve,  when  it  is  lifted,  to  the  chimney  oi 
elsewhere.  The  valve  ia  kept  down  by  a  lever  B,  which  worts  on  a  pin,  or  fulca-um,  at 
F,  and  has  a  sliding  weight  suspended  &om  it  at  any  point  such  as  G.  The  arm  of  the 
lever  is  graduated  so  that  the  weight  can  be  placed  to  give  such  pressure  on  the  valve  M 
may  be  required.  If  we  suppose,  for  example,  that  tia  area  of  the  valve-opening  ia 
1  square  inch,  that  the  length  from  the  centre  of  the  valve-stem  to  that  of  the  pin  P 
is  2  inches,  and  Qmt  a'weight  of  10  lbs.  hangs  at  G,  16  inches  from  F ;  then  the  eSeet 
of  the  weight  to  press  down  tliB  stem  of  the  valve  is  as  its  weight  multiplied  by  the 
length  of  levra  at  which  it  acts,  divided  by  the  length  of  lever  at  which  the  valve 
acts ;  that  is  to  say,  the  pressure  on  the  valve  U  ^°  """  ^^^ '°'^°''  =  80  lbs.  Afl  the 
area  of  the  valve  is  1  square  inch,  this  weight  is  capable  of  resisting  a  fteam-pressure  of 
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80  Ibt.  per  s^iure  incli  irithm  tlia  bailer.  U  the  lever  be  graduated  by  ^Tisiooi  each 
2  incheB  in  length,  eachof  theia  will  corceapond  to  a  pressure  of  10  Its,  outheTalTe; 
Uiat  is  to  say,  tlie  weight  at— 

16  inches  gives  a,  pressure  of  80  lbs. 


We  have  not  reckoned  the  effect  of  the  weight  of  tho  valve  and  lever,  which  should 
generallj  be  weighed,  so  that  the  pressure  due  to  them,  eKclusive  of  the  weight,  may  be 


rig.  ISO. 
e«tiinated  befbre  graduating  Uie  lever.  As  a  practical  example,  we  will  (uppose  that  it 
is  required  to  make  a  safety-valve  of  4  inohes  diameter,  and  load  it  by  a  weight  and 
lever  gi^uated  to  steam-presaures  varying  fitnn  20  lbs.  to  50  lbs.  per  square  inch  above 
atmospheric  preaauie.  We  will  suppose  that  (be  weight  of  the  valyo  and  stem  is  S  Iba., 
that  a  c<rnvenient  leverage  for  the  valve  is  3  inches,  and  that  the  wiole  lever  bom  F 
to  the  end  is  SO  ioches,  the  lercr  itself  being  of  unifbnn  depth  and  tMcknesa,  and 
weighing  9  lbs. 

The  area  of  the  valve  (a  circle  4  inches  in  diameter)  is  1 2 J  square  iachee ;  the  effect 
of  the  weight  of  the  lever  ia  the  same  as  if  it  were  collected  at  its  middle  puint  H,  IS 
inches  jrom  F,  and  ia 

•a  .u       I      ■  .V     J      ^^^'  >^  ISinohea  .,,. 

Pressure  on  the  valve  is  therefore p,'— i =i 451ba. 

3  inches. 
To  which  we  add  the  weigbt  of  valve  and  stem 5  „ 

MaUng  a  total  coostant  weight  on  the  valve  ^ 50    , 

And  as  the  area  of  the  valve  is  12  Jibs.,  this  gives  aconstant  pressure  of  ^77=;  41hB.  pec 
aquareinch.  Forapressureof  SOlbs.  per  squareinoh,  or  abadof  50  X  12i=6251b». 
on  the  valve,  the  additional  load  must  he  575  lbs.  at  a  leverage  of  30  inchea  against  that 
of  the  valve  at  3  iDches ;  and  therefore  *  weight  of  fi7|  Iba.  at  the  end  of  the  lever  giTet 
the  required  pressure ;  hecause  — ^ — "  ■  —  =  6^5  lbs.  on  tho  valve.  Tho  same  weight, 
to  give  a  pressure  of  40  lbs,  per  square  inch,  shonld  act  on  the  valve  with  a  force  of 
12i  X  40  —  60  =  450  lbs. ;  and  its  distance  from  F  must  be  about  28-48  inches,  because 
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!=4».    NowthfldiAnacelKtwMa  »iDdM,aalCTBagBfar 
SOIbs.,  md  Za-t8  iiid»e«,  the  lertnge  (br  M  IIm.,  !■  e-52 : 
be  RpMted  aloog  the  lerer  for  30  aod  20  letpectiTclf . 

We  iniglit  attain  the  nine  mult  by  another  proooi,  thoa: 
prcaauro  doe  to  the  wei^  and  Tahie  ii  4  Hm.  per  aqoare  inch,  ti 
to  be  deriTcd  (rofn  the  weif^  of  57^  Iba.,  to  make  t  total  of  10  Jbt.  per  tqnna  tBch, 
TouU  be  6  Its.  per  aqure  inch,  iv  6  x  12}  =  75  lbs.  in  alL  The  lerenge  of  iLe 
vei^t  to  produce  Ihi*  load  vonld  be  ftond  frcnn  the  dmple  proportion : — 

Vflgtat.  Idid  OB  ntrt.    LCTOM*  ot  nln.       Lersi^  of  vd^ik 

S71  lbs.  75  3  inches  3-913  inche*. 

Bepeatjng  the  same  process  for  50  Da.  piceaum  per  equare  inch,  vs  ahonld  find  the  ' 
lerersge  of  the  ireight  to  be  30  inches.  The  difference  of  30  inchea  and  3-913  inches,  [ 
Tiz.  26'0S7  inchai,beinf  diTidcdinlo40eqna]  part*,  eaeh,0-652iiiehea— beoaaas40ia  I 
the  di%n«iH<e  between  50  lb*,  and  10  Iba.— voold  mark  the  lerer  t(a  each  lb.  of  pne-  i 
sore.  BrerylOIba. 
vooid  dioa  be 
graduated  \j  in- 
tervals of  10  X 
-6S2=6'S2  inch« 
•■  before. 


•nd  bi»len  vhcre 

a  ireigiht  gliding 
along  a  lever 
would  be  inconve- 
nient, the  lever  is 
affiled  to  a  spring- 
balance  A  (Fig. 
161),  graduated  to 
the  pressures  per 
square  ineb  due 
to  the  spring.  By 
tanuuganutBon 
the  stem  of  the 
spring  -  balance, 
any  required  pres- 
mre  canbe  throm 
npon  the  valve, 
which  is  leapt 
down      by      the 

^ring  acting   on  ^' 

its  lever.    Should 

the  pressure  vitbin.  the  boiler  exceed  thM  to  which  the  balance  is  adjusted,  tbe  valve 
is  opened,  and  a  portion  of  the  steam  escapes.  The  lock-up  safety-valve  consists  of  a 
valve  pressed  down  by  a  set  of  itrong  springs  C,  the  whole  enclosed  within  a  box  ondei 
look  and  key.  'While  the  «^ine-driver  ha*  command  over  the  spring-bAlanee  valve,  so 
M  to  inoreasa  or  iHiniiiiiih  the  load  at  pleasnra,  the  locb-np  valve  is  inacoeeaible  to  hin^ 
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and  openi  whenerer  be  hat  loaded  the  open  valre  bcE^mid  the  pntmre  to  irhicb  the 
lock'op  Tilvehuheen  adjusted  i  tlini  aerringttsa  check  npon  him  in  case  of  hinrork- 
lag  at  a  dangeroiu  prewufe. 

In  a  boiler  for  an  engine  worldiig  at  very  loif  preMores,  then  is  frequency  prOTided 
%  Tacnmn  valye,  whioh  is  a  safety-T»lve  opening  inwards,  and  admitting  air  into  the 
biHler,  in  case  the  pre«ure  within  ihould  fall  so  far  below  Uiat  of  the  atmosphere  with- 
out that  there  might  be  danger  of  coUapse. 

The  ateam-gaogo  ia  an  apparatiu  genaniUy  fitted  to  boilers  for  indicating  the  preamire 
of  the  steam.    The  safety-Talve  may  be  employed  for  this  pmpose ;  for  if  the  weight  be 
adjusted  on  the  lever,  or  the  spring  of  the  balante  released  imtl  the  valre  begins  to 
open  end  let  steam  escape,  we  know  that  the  weight  or  spring  in  that  condition  ia  a 
meaaureof  the  presniie.    But  as  this  mode  of  measuring  the  pressure  requires  penonal 
attendance,  it  is  better  to  be  prtmded 
with  some  s^-scting  instrument  which 
shall  show  at  a  glance  the  condition  of 
the  steam  in  respect  to  pressure;    for 
low-preasim  boilere  the  mercurial  steam- 
gauge  is  generally  employed  (Fig.  162). 
It  oonedsts  of  an  iron  pipe  bent  to  a 
siphon  form,  connected  with  the  boiler, 
and  containing  mercuij,  on  which  floats  a 
rod  of  wood  eitending  above  the  mouth 
of  the  tube,  and  pointing  to  divisions  on 
a  scale.    As  2  cubic  inches  of  mercury 
wei^  very  nearly  1  lb.,  the  rise  of  the 
wooden  index  through  1  inch  in  he^t 
indicates  that  the  mercury  in  one  limb 
of  the  siphon  has  risen  1  inch  and  tallen 
1  inch  in  the  other,  making  a  difference 
of  level  of  2  inches,  equivalent  to  a  pres- 
sure  of  I  lb.  per  square  inch  in  the  boiler. 

Thus  every  inch  on  the  scale  corresponds  to  1  lb.  pressure  per  squaie  inch.  For 
high-pressure  boilers,  the  column  of  mercury  neceisary  would  be  inconTenieatly  high, 
and  recourse  is  therefore  had  to  gauges  of  other  kinds.  Among  the  most  eflective  and 
ingenious  of  these  may  be  mentioned  that  of  Bourdon.  It  consists  of  a  flattened 
elastic  tube  of  copper  or  brass,  bent  into  a  spiral  kam.  The  pressure  within  the  tube 
tends  to  bulge  it,  and  uncoil  it  a  little  out  of  the  spiral  form ;  and  the  slight  movement 
thus  induced  is  communicated  to  an  index,  which  points  on  a  dial-plate  to  the  pressure 
maded  thereon  from  the  result  of  experiments  made  for  the  pnipose  of  determining  the 
proper  gradnation  of  the  dial. 

The  steam  generated  in  the  boiler  at  such  pressure,  and  in  such  quantity  as  may  be 
desired,  is  conveyed  by  the  steam-pipe  to  the  cylinder,  which  is  a  vessel  closed  at  both 
ends,  and  fitted  with  a  piston  £  (Fig.  163},  capable  of  sliding  tightly  front  end  to  end, 
•nd  having  a  rod  F  passing  tightly  through  one  of  the  end  coven,  or  the  cylinder  lid. 
If  we  soppose  A  and  B  two  pipes  communicating  with  the  boiler,  and  opening  into  the 
eylinder  at  opposite  ends,  vMle  two  other  pipes  0  and  D  lead  &om  the  ends  of  die 
cylinder  to  the  open  air,  or  to  any  suitable  place ;  conoeiving  these  pipes  to  be  provided 
with  stopcocks,  we  can  see  that  ly  opening  A  and  D,  while  B  and  C  are  cloaed,  we  admit 
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Vfoa  tlw  nppet  intftce  of  die  piibni  E,  and  force  it  to  the  bottom  of  the 
eylindtr,  wMla  flie  eontenla  of  the  pnit  below  tbe 
piston  eMwpe  by  D.  Od  the  piston  reaching  the 
bottom,  if  ire  open  B  and  C  irhile  A  end  D  are 
closed,  the  preimre  acticg  on  the  lover  aide  of 
the  piilon  f<»«ei  it  upwarde,  while  the  attain 
above  escape*.  Thus,  by  altematdy  opening 
and  donng  the  four  stopcocka  in  proper  order, 
an  alteniatiiiK  motiota  is  giTen  to  the  inaton, 
and  the  form  is  oemmDnioated  by  the  rod  to 
any  luitalde  msdiinery  widtont  the  cylinder. 
The  amooDt  of  tone  u  communicated  depends 
on  the  sixe  of  the  piston,  or  nnmber  of  aquaie 
inchee  in  its  anrface  on  which  the  steam-prea- 
Eiu«  acts,  the  intensity  of  that  pressure,  and 
the  Telocity  at  which  the  piston  ia  caused  to 
travel.  If  we  luppoaa,  for  instance,  tiiat 
^'^f-  i*^-  the   diameter  of  the  eylinder  is   1   foot,  the 

circular  area  of  which  ia  113  aquuro  inches,  that  the  pressure  of  the  steam  is  201b*.  pes 
square  iucb,  and  that  the  average  speed  of  the  piston  ia  at  the  rate  of  300  fMt  pu 
minute,  the  power  communicated  through  Uie  rod  is  equiTalent  to 

113  Bcj,  ina.  x  M  lbs,  x  ^00  A-  - 
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Some  of  the  flfst  aleam-engines  had  cocks  arranged  as  we  have  described,  which 
demanded  Ihe  continual  attendance  of  some  one  to  cloae  or  open  them  at  the  proper  timea. 
But  it  suggested  itself  that  apparatus  connected  to  the  moving  parts  of  the  engine  might 
be  ao  adjusted  as  to  perform  this  operation ;  and  accordingly  great  ingenuity  has  been 
eihibit«d  in  contiivances  for  alternating  the  flow  of  steam  to  end  from  the  opposite 
ends  of  the  cylinder.  Inatcad  of  stopcocka  in  the  pipes,  which  aro  subject  to  consider- 
able and  unequal  wear  from  conatajit  working,  acd  thereby  become  leaky,  valves  in 
ofl^  employed,  nmilar  to  the  safety-valve,  and  worked  upwards  and  downward*  by  means 
of  levers  acting  on  their  stems,  whid  project  beyond  the  steam-tijjit  casing  in  wUoh 
tliey  ate  enclosed.  Were  these  valves  made  in  sndi  a  way  that  Uie  steam  pressed  en 
their  lower  surfiues,  and  tended  to  raise  them  from  their  seats,  it  would  be  difficult  to 
keep  them  tightly  down  without  very  ccnaiderable  force.  If,  on  the  other  band,  the 
pressure  of  the  steam  acted  on  their  upper  anr&ce*  ao  a*  to  keep  them  tighdy  down, 
oonffiderable  force  would  be  required  to  liH  them  ao  as  to  penait  the  steam  to  pass  at 
the  proper  times,  Uoreover,  as  in  large  engines  these  valves  must  be  of  considerable 
size  to  let  anScient  ateam  pass  through  fbe  openings  they  cover,  and  as  for  efiective 
working  they  must  be  raised  and  lowered  very  rapidly,  it  becomes  important  to  reduce 
as  low  as  possible  the  pressure  upon  them,  and  thus  itiminiah  tho  force  neceaatry  for 
their  movemenl 

The  double-be«t  valve  is  a  contrivance  for  covering  a  large  area  of  ateam-paasage 
with  a  valve  subjected  to  moderate  pressure.  The  steam  entering  at  A.  [Fig.  IM),  fills 
^m  valve-box,  in  which  an  annular  or  ring^^diaped  valve  B  i*  capable  of  being  pieased 
upwitrdsordownwarda  by  arodCpaanngtbionghtiieooverof  the  valve-box.  When  the 
valve  is  down,  its  upper  and  lower  conic^  surfaces  rest  on  corresponding  seats,  to  which 
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th^  'are  aioely  ground ;  while  the  vhItb  being  raised,  the  Bteam  flows  between  ihese  aur- 

fiioes  into  the  pipe  D,    The  force  nMCsaary  to  ra[»«  auch  a  valve,  is  tiiat  of  the  steam-oreB- 

sure  on  the  ex-  ' 

cesaof  thcoreaof 

the  loweraeating 

above    that    of 

the  upper,   and 

maj    be    made 

muuh  less  than 


that  01 


nary  valve  of 
equivalent  ai£e. 
Wa  ehatl  sup- 
pose, fur  exam- 
ple, that  a  valra 
of  10  inches  dia- 
meteiis  subject- 

of  20  lbs.  on 
the  square  inch. 
The  force  to  lift 
it  would  be 

[cire.  ft«B  of  10  ins.  diam.  =)  78J  sq.  ins.  X  20  =:  1670  lbs. ; 
and  the  height  through  which  it  must  belifwd  to  give  the  full  passage  for  steam  immd 
it,  ia  2J  inches ;  for  2»  X  (circiunf.  of  10  im.  diam.  =)  31 J  =  78 J  sq.  ina.,  the  area  of 
a  circle  10  ina.  in  diameter.    But  were  we  to  use  a  double-beat  valve,  having  its  lower 

seating  lOJ  ins.  in  diameter,  and  its  upper  9  ins. -'-  ^- - 

B6|sq.  ina.  and  that  of  tliB  other  63J,  the  pressur 
20  —  460  lbs.,  litdcmore  than  one-fourth  of  that 
height  through  which  the  douhle-bcat  valve  mu 
for  the  single  valve  ;  because  when  it  is  raised,  | 

above  and  below.  Thus,  to  work  the  double-beat  valve,  only  J  th  or  Jth  part  of  the  froro 
requisite  for  the  single-seafed  valve  is  required.  Wherever  valves  are  used,  especially 
in  large  engines,  or  under  great  pressures,  for  allenialing  the  flow  of  ateam,  recourse  is 
had  to  the  double-beat  valve,  or  some  expedient  of  a  simiiar  character,  by  which  con- 
siderable aize  of  passage  may  be  secured  without  having  to  lift  a  great  weight,  or 
move  it  through  a  great  distance. 

The  frequent  raising  and  lowering  of  any  set  of  valvea,  however  well  balanced, 
would,  however,  in  quickly -moving  engines,  be  accompaziied  with  noise,  and  would 
prove  very  inconvenienl,  on  account  of  the  eomplication  of  machinery  required  for  the 
purpose,  and  the  greater  amount  of  wear  and  tear  resulting  from  its  use.  To  avoid 
these  evila,  the  slide  has  been  contrived ;  and  it  is  almost  univereallv  employed  for 
altematmg  the  flow  of  ateam  to  or  from  the  ends  of  the  cyhnder,  except  in  engines 
moving  very  slowly.  There  are  varioua  kinds  of  sUdca  in  uac,  but  they  are  nearly  aU 
contrived  on  similar  prinoiplea,  with  such  difierences  in  the  details  of  construction  ai  the 
peculiar  views  of  makei's,  ot»the  circumatances  of  Iheir  position,  suggest  The  most 
simple  kind  U  called  the  D-slide,  from  the  circumstance  of  its  form  aisembliag  that  of 
the  letter  D. 


n  diameter,  the  area  of  thf 
■  on  the  difference,  23  aq.  in 
■n  the  single -scahid  valve.  Again,the 
t  be  raised  is  only  half  thpt  required 
is  provided  fur  the  '     ' 
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Pigi.  165  and  166  ropmcnt  two  bngitndin*!  (eetiaiu  of  a  crlinder  fitted  with  a 
D-alid«.  Tbe  (team  enten  by  a  pipe  B 
from  the  bmler  into  a  cftTitf  called  the 
iHie-jackit,  on  the  opposite  aide  of  which 
•re  three  apecingB,  the  npper  and  lower, 
CBlledthe.par<i,oonuDUiucatiDg  bf  tubes 
or  paaaagea  with  the  upper  and  lower 
end*  of  the  cylinder  reapedlTely ;  and 
tile  middle  one  cemnuxdcatdng  by  a 
Tity  E  with  an  opening  St  the  ride,  by 
which  steam  can  eacaps.  These  throe 
openings  are  partially  coTercd  by  a  hol- 
lowed plate  of  metal,  the  D-didt,  which, 
a»  it«  name  imphea,  can  be  made  to  slide 
up  or  down  by  means  of  a  rod  C  passing 
tightly  through  the  jacket.  Tbe  hol- 
lowed part  of  the  D-alide  it  made  to  em- 
brace the  middle  passage  and  eitlier  oi  the 
porta,  so  as  to  let  steam  escape  &om  the 
cylinder,  while  it  leavea  the  other  port 
open  Ibr  the  ingreaa  of  steam  to  the  cylin- 
der ;  and  as  for  evety  ascent  and  de- 
—  ^  .„  .  acent  of  the  pistrai  in  the  cylinder,  a  cor- 

responding ascent  and  descent  of  the 

slide  is  eSbcted  by  means  of  Kpgtxatw  connected  vith  the  moving  parts  of  the  engine, 
complete  succesaiTe  alternation 
he  ateaw  is  maintained  without 

the  eipcDditare  of  more  power  than 

~s  necessary  to  overcome  the  friction 

of  the  slide  over  the /odt^f*  in  which 

the  ports  are  situated.    The  &ce  of 

the  slide,  and  the  sorbce  on  which 
uba,   are  made  very  true    and 

smooth  in  the  first  place ;  and  when 

they  ate  not  subjected  to  undue  wear 

by  the  ingress  of  dirt  or  grit,  their 

contact  remains   steam-tight  fbr  a 

long  period.      Tbe   slide  we  have 

described  is  called  Ae  short  D-slide, 

and  ia  generally  used  in  locomodvea 
1  engmes  which  have  not  long 

cylinders.    But  when  the  cylinder  is 

of  conmderable  length,  the  passages 
n  the  porta  to.  the  ends  of  the  oy- 
er are  also  long;  and  having  to  be 

filled  with  steiuu  at  every  stroke  or 

alternation  of  th0  piston,  which  is  in-  Fig.  160. 

efibotive  in  producing  power,  considerable  loss  is  occasioned  from  this  waste  of  sfMm  in 
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To  obTiste  thu  defect,  the  dide  it 
the  porta  to  the  cyllndor  are  propartionally 


wardsurdoini- 

wardfl,     irtdlB  Kg.  167. 

ateun  ptusea  horn  eithei  of  these  porta  into  the  cavidea  at  the  upper  or  lower  enda 
vHch  commnnitate  through  the  tubular  body  of  the  slide,  and  from  one  of  which  the 
■aste-pipe  C  conTeye  the  steam  trhich  baa  done  its  vork. 
We  might  nentioa  many  other  varietiea  of  slides ;  but  all  being  constructed  on 
wmilar  principles  to  those  we  have  deacaibcd!,  we  need  not  discuss  them  in  detail.  We 
will  now  proceed  to  describe  the  practical  construction  of  a  cylinder,  piston,  and  elide, 
such  as  would  be  suitable  for  a  non-condensing  engine. 

B^ferring  to  Figs.  16d  and  166,  which  give  a  general  tIbw  of  llie  cylinder  and  slide, 
ire  haye  to  inq^uire  ioto  (he  propoitioiia  of  the  parts  aad  the  details  of  their  construction 
in  sucb  a  manner  as  to  be  economical,  durable,  and  efficient. 

The  cylinder  is  made  of  cast-iroD,  bored  in  a  suitable  lathe  ao  ^t  the  interior  is  aa 
nearly  as  posdfale  perfectly  oylindrioal.  The  ooyeiB  are  also  of  cast-iron,  having  a  pro- 
jecting part  turned  to  fit  into  the  ends  of  the  cylinder,  to  which  they  are  secured  by 
bolti  and  nuts.  The  mouths  of  t^e  cylinder  are  generally  bored  somewhat  larger  than 
the  reat^  so  that  if  aRec  some  years'  wear  it  become  necessary  to  bore  out  the  cylinder 
afresh,  thereby  making  its  disjnster  a  little  lai^r,  the  same  covers  may  still  fit  it.  The 
flanges  or  projecting  rims  of  the  cylinder  and  the  faces  of  the  coveia  which  lie  against 
m  are  turned  very  true  i  and  if  well  smoothed  require  only  a  litfle  thin  flour-paste  to 
be  spread  over  them  to  render  the  joints  imperrioaa  to  steam  when  the  bolts  are  screwed 
tightly  up.  The  lengdi  of  the  cylinder  is  determined  by  the  length  of  stroke  or  move- 
it  of  the  picton :   it  should  be  such  m  to  allow  Iron  jth  to  i  an  inch  clearance 
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between  the  piston  tod  the  corer  at  each  cod  of  tlie  Mroke.  TheoreticaUy,  the  lea 
clearance  the  better,  became  any  apace  left  between  the  piston  and  oorer  at  the  end  of 

the  Biroke  has  to  be  filled  at  erery  itroke  with  steam  naeleaslj.  But,  practically,  it 
may  be  difficult  to  de- 
terviine  the  length  of  -, 
stnAe  with  perfect  ac- 
curacy ;  the  wcarof  Uie 
machinery  may  alter 
it  a  little,  and  water 
or  dirt  may  get  into 
the  cylinder,  so  that  it 
ig  necoBBory  to  allow 
a  little  space,  sach  as 
wo  haTe  named,  for 
clearance.  When  the 
steam  first  outers  a 
cold,  cylinder  it  be- 
comes condensed  into 
water;  and  not  unfre-  f 
qucntly  dnring  tbe 
working  of  the  en- 
gine, the  boiler  primes 
or  boils  orer,  sending 
rie- 1*8.  water  along  with  tho 

steiun  into  the  cylinder.  But  as  wafer  is  pracUcally  incompressible,  its  presence 
between  the  piston  and  the  cylinder-coTers  at  each  end  of  the  stroke  would  be  quite  bb 
detrimental  as  the  presence  of  a  mass  of  iron  or  any  hard  material,  unlea  an  eiit  were 
prorided  for  it ;  for  the  sudden  approach  of  the  piston  would  be  arrested  by  the  water, 
and  eilier  the  cover  would  bo  forced  off  or  the  parts  connecting  the  piston  to  the  rest  of 
the  machinery  would  give  way.  Accordingly,  cylindera  are  often  fitted  with  relief- 
valves — small  safety-valves  loaded  by  weights  or  eprings,  and  communicating  with  each 
end  of  the  cylinder,  so  that  whenever,  by  the  presence  of  water,  the  pressure  beooraes 
increased  to  a  dangerous  extent,  the  valve  is  opened,  and  permits  the  water  to  escape. 
In  the  absence  of  relief- valves,  pet-eoeki  or  small  stopcocks  are  fitted  for  the  same  pur- 
pose. On  first  admitting  atfiHrn  to  the  cylinder,  these  are  left  open  to  permit  the  escape 
of  the  water  arising  from  condensation ;  and  during  the  working  of  the  engine  they  may 
gencially  be  leit  a  little  open,  especially  when  (he  presence  of  water  is  manifested  by  a 
sharp  blow,  heard  when  the  piston  strikes  upon  it.  The  thickness  of  the  cylinder 
depends  on  its  diameter,  and  die  pressure  to  which  it  is  subjected;  and  the  strength  of 
the  flanges,  covers,  and  bolts  and  nuts  must  be  determined  on  liie  game  ground.  Fur 
■nch  details  it  is  difficult  to  give  precise  rules,  as  experience  and  atudy  of  well-pro- 
portioned works  can  alone  give  tlie  power  of  determining  them. 

The  piston  is  construotod  in  various  ways,  one  of  which,  being  simple  and  effective, 
we  will  describe : — The  body  of  the  piston  consists  of  a  disc  and  boss  A,  the  outer  edge 
of  the  disc  fitting  the_  cylinder,  and  the  boas  having  a  central  conical  hole,  in  which  the 
piston-rod  B  ia  secured  by  means  of  a  key,  or  t^i"  bar  of  iron  slightly  tapered  in  width, 
driven  through  a  slot  in  the  boss  and  rod,  so  as  to  tighten  tbe  conical  end  of  the  rod  in 
the  corresponding  conical  hole.    To  the  body  of  the  piston  is  secured  hy  acrewsB  oovei 
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e  fitting  the  cyliniler,  itnil  leaTmg  betweea  it  and  the  edge  of  the  disc  below  a  grooTei 
which  contBiiis  the  packing-ring  I).    This  ring  la  made  to  fit  the  cylinder,  and  ia  cut 
obliquely  oerois  at  some  point  of  its  oir- 
ontofareQce  E,   a  pamUelogTam-gbBped 
bole  being  cut  oat  of  the  middle,  and 
filled  witii  a  piece  of  metal  truly  fitted 
t.    Bylhua  cutting  the  ring  acrou 
S,  it  is  permitted  to  expand  in  dia- 
meter ;   and  the  elite   made  at  £  are 
covered  by  a  plate  F  inside  tiie  ling,  io 
It  no  ateam  can  pass  by  them  from 
a  side  of  the  pielon  to  the   other. 
veral  bent  pieces  of  steel-plate  6  are 
placed  between  the  ring  and  the  boss  of 
the  piston,  so  as  to  push  the  oircmnfeience 
of  the  ring  oatwarda. 

As  the  inside  of  the  cylindec  and  the 
edges  of  the  piaton  and  ita  cover  become 

a  by  constant  rubbing,  the  packing-  g 

J  is  made  to  expand,  and  still  to  y ) 

work  tightly  in  the  cylinder,  without 
penoitting  the  flow  of  steam  paat  the 
piston.     Sometimes,  far  small  piatons, 

the  packiDg-iing  is  merely  made  thicker  \    .,       f(  ■■ 

at  the  ude  opposite  ita  slit ;  and  being  ■^^-^^"^""^ 

at  first  slightly  larger  than  the  cylinder,  ^«-  ^^• 

o  that  it  must  be  compressed  when  puahod  into  it,  ita  own  elasticity  makes  it  eipand 
to  fit  the  cylinder  even  after  consider- 
able wear,  without  the  necessity  for  steel 
springs  within  it  (Fig.  170). 

Tbe  piston-rod,  in  passing  through 

the  cylinder  cover,  is  surrounded  by  a 

cavity  called  a  atufSng-boi,  and  filled 

with  soft  twisted  hemp  and  tallow,  called 

I  packing,  which   is    oompreased  ia  the 

j   cavity  by  means  of  a  glanil,  forced  down 

f  upon  it  by  tightening  acrewa.     By  the 

use  of  this  packing,  while  the  rod  travels 

upwards  and  downwards,  ateam  cannot 

pass  round  it;   for  even  if  the  rod  be 

worn  somewhat  irregularly,  the  elasticity 

of  the  packing  serves  to  prevent  &b 

leakage  of  steam. 

The  slide-rod,  and,  indeed,  all  roda 
Fig.  170.  about  an  engine  for  moving  valves  or 

parts  within  cavities  containing  ateam  or  water,  have  to  pass  through  packing  of  this 
kind. 

For  opening  or  closing  the  coramonication  between  the  boiler  and  tlie  cylinder,  ao 
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■a  to  sdmit  iteam  &om  the  oilb  to  the  other,  to  ■flminjA  tha  qiumtitf  or  eatitelf  arrMt 
it,  ft  ctopcock  M  generally  empIoTed  for  nnaU  -engiaet,  »nd  for  la^er  ones  a  shut-off 
vbIts.  The  itopcock,  being 
■nfflciaatl/  iretl-kDown, 
ira  need  not  descrihe.  The 
tkut-off  or  tlop-vai 
generally  nude  u 
citad  in  Fig.  171. 
itetun-pipe  A  i 
cutea  irith  the  TalTe-boz, 
having  a  pipe  B  proceed- 
ing frmn  it.  The  monOi 
of  this  pipe  ia  fitted  with  a 
comcat  edging  or  seating;, 
to  Thich  a  conical-edged 
valve  C  ifl  nicely  fitted. 
Through  a  stuffing-box  D 
in  the  oarer  of  the  valve- 
box  paasea  a  aci^wnd  rod, 
conneeted  by  a  free  joint 
Yig.  i;i,  to  the  valve  C ;  when  tiio 

rod  ifl  tamed  round  by  a 
handle  E,  so  as  to  screv-  it  inirarda  through  tlie  gland  D,  the  valve  is  pressed  finiity 
doim  on  its  seating,  and  thus  all  commiuucatiiHi  from  A  to  B  is  cot  off.  By  un- 
screwing the  rod,  tbo  valve  is  raised  from  ita  seating  as  mach  as  may  be  required  tar 
the  passage  of  steam. 

^e  throttle-valve  is  for  the  purpose  of  ohoting  or  throttling  the.  passage  of  steam 
1  a  pipe,  so  as  to  regulate  the  quantity  paanng  through  it  in  a  certain  time,  without 
perfectly  arresting  it.    Iteon- 

j  of  a  dieo  A  (Fig.   172)    ' 
mounted  on    a  rod   passing   ' 
across    the   pipe   through    a 
atuffing-boi  at  one  side.     On 
turning    the   disc   edgeways 
towards  the  cunent,  the  steam 
is  allowed  to  pass ;  but  when 
it  is  turned  across  the  pipe, 
none   can  pass   except  each 
a  small  quantity  as  can  leak 
round  the  edges  of  the  disc. 
This  valve  is  almost  univer- 
sally applied  to  engines  irtiicb  aj 
f  the  engine  ifl  regulated  wilh  great  ni 
the  valve. 

The  feed-pump  of  an  on^e  is  for  the  purpose  of  supplying  the  boiler  with  wat£r  to 
taite  the  place  of  that  which  is  bailed  off,  and  passes  away  in  the  form  of  steam  a&et 
working  the  engine.  It  consists  of  a  barrel  C  (Fig.  173]  through  a  stuffing-box,  ir 
the  upper  part  of  which  a  plunger  G  ifl  worked  alternately  upwards  and  downwards. 
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^  the  lomr  and  of  the  bairel  it  a,  Tslre-boz,  oaDtaining  a  (notioii-TAlve  B,  oovBring  ■ 
pipe  A  hj  wliieh  tlie  water  ii  drawn  from  a  coaTenieat  retiTvoii',  and  a  diaebai^ie-TalTa 
D,  put  whioJi  tlw  wBt«r  bu  to  flow  in 
iUi  progicw  to  the  boiler  by  the  feed- 
pipe £.    When  the  jdunger  it  raieed, 
the  Talve  D  being  kept  Aowa  ia  its  aeat 
hf  the  presnire  of  water  in  the  boiler 
(equiTalent  to  that  of  the  steaili]  com- 
municated throogh  the  fsed-pipe  E,  the   I 
vaauum  left  by  the  rue  of  the  plunger   i 
in  fillod  by  watei  entering  from  A  and   ' 
raiiiiig  the  valve  B  for  its  paacage.     On 
tlie  descent  of  the  pltuger,  the  water 
being  foroed  out  of  the  burel,  preesee 
down  the  tbIts  B,  but  rei»ei  the  valve  D, 
and  flowa  onwaidi  to  the  boiler.     At 
■ome  convenient  part  of  the  feed-pipe  E 

there  is  alvaya   fitted  a  itapcock,   or  S 

Bhut-off  valve,  for  comjJetely  cutting  off 
oommnnieatioa  between  (be  pump  and 
the  boiler  in  case  of  the  valvei  being  de- 
ranged. But  water  being  almost  totally 
incompreBiible,  it  would  be  eiti«mely 
hazardous  to  close  this  communication 
while  the  pump  is  in  action  -,  for  in  that 
case  the  barrel  must  be  burst  open,  or 

■ome  part  of  the  machinery  that  wo^  j^,  I7j_ 

the  pump  must  be  broken.  It  is,  there- 
fore, usual  to  provide  also  a  relief- valve,  oonstmcted  eiactly  like  a  safety-valve  on  the 
feed-pipe,  to  penoit  the  efflux  of  the  water  when  its  ordinary  passage  is  closed.  The 
cover  F  of  the  feed-valve  box  should  be  cq>able  of  being  readily  removed  to  give  access 
to  the  valves ;  and  it  is  often  made  of  conuderable  mze,  hollowed  out  to  contain  ur, 
which  ia  compressed  by  liie  ia£ui  of  water  during  the  descent  of  the  plunger,  and  reacte 
to  fbrce  the  water  onwards  to  the  boiler  while  the  plunger  ascends.  In  all  cases,  in- 
deed, where  water  under  considerable  pressure  is  exposed  to  the  recurring  action  of  a 
propelling  force,  as  in  the  feed-pump,  an  air-vessel  should  be  provided  to  act  as  a 
spring  relieving  the  blow  en  the  water,  and  regulating  its  motion  te  a  gradual  fiow 
instead  of  a  mdden  morement. 

Having  now  described  the  cylinder  in  whit^  and  the  joiton  on  which,  the  steam  acts 
to  put  the  machinery  in  motion — the  ilidt  by  which  the  alternation  of  the  course  of  the 
steam  is  efflicted — the  threltU-velve  by  which  its  quantity  is  regulated — and  Mxefeti-pmBp 
by  whioh  the  necessary  supply  of  water  is  maintdned  in  the  boiler :  we  have  to  inquire 
how  the  reciprocating  motion  of  the  piston  is  converted  into  the  rotary  movement 
required  for  driving  machinery,  and  how  this  rotary  movement  produces  the  recipro- 
cating motion  of  the  slide  and  feed-pump,  and  govenu  the  action  of  the  throttle-valTe. 

Tothaeod  A(Fig.  171)  of  the  piston-rod  there  isjointed  the  C(mnecting-rod  A  B,  hav- 
ing an  eye  at  B  working  on  the  tranJi-pin,  or  pin  fixed  to  the  ertnk — an  aim  B  C  pro- 
jecting from  the  main  shaft  or  spindle  C,    The  crank-pin  can  tnove  roimd  in  a  circle, 
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ttudkmeteiof  wfaichiaeuotlreqatllo  thelraigtkof  iboke,  or  diitaace  tluougk  irtiich 
piiloa  bnveli  in  the  ojliudei.    As  Iha  puton  desnendi  from  F  to  O,  m«H»»g  the 
dows-stroke,  the  cnnlc  u  oatued  to  twoWe  from  E  nnmd 
^  to  D,  one  balf-revalutiOD.    Afun,  while  the  piaton  ucendi 

fittm  G  to  F,  aaijag  the  upMroke,  the  ciank  lerolvea  fiom 
D  round  to  E,  toother  half-revolution.  Each  revalutioa, 
then,  of  the  crank  requirei  ■  double  Btrohe  of  the  piaton ; 
and  to  effect  it,  the  upper  and  lower  portions  of  the  cjUoder 
have  each  to  be  filled  and  emptied  of  rteum ;  or  as  their 
capacities  are  equal,  the  cylinder  haa  for  each  revolution  to 
be  twice  filled  and  emptied.  It  ii  obvioua  that  at  every 
different  point  of  its  revolution  tbe  crank  is  acted  on  by  a 
diSereut  force,  oiring  to  the  varying  obliquity  of  the  con- 
necting-rod. At  the  two  extreme  points,  D  and  B,  where 
the  ciank  ia  in  a  line  with  the  connecting-rod,  the  effect  of 
the  piston  to  cause  it  to  revolve  is  reduced  to  nothing;  fur 
it  merely  pushes  or  pulls  it  against  the  central  shaft.  These 
points  are  technically  called  the  dtad  ctniru,  berause  there 
the  force  of  the  piston  is  dead  or  ineffective.  But  to  make 
up  for  the  total  want  of  action  at  those  points,  WB  find  that 
at  some  etber  points  the  effect  of  the  force  passing  through 
the  coni^ecting-rod  to  turn  the  crank  is  greater  than  the 
pressure  on  the  piston,  in  conaequence  of  the  obliquity  of 

Agiin,  the  piston,  during  a  revolution  oi  double  stroke, 
pulseB  through  a  distance  equivalent  to  twice  the  diameter 
of  the  crank-circle ;  while  the  crank-pin  passes  over  the 
cireumference  of  that  circle,  mora  than  3  times  its  dia- 
meter. The  influence  of  the  pressure  on  the  piston  to  turn 
the  crank  may  be  beet  conceived  by  a  graphical  delineation 
of  the  force  in  the  following  manner: — If  we  divide  the 
circle  described  by  the  crant-pin  into  any  number  of  equal 
parts  (Fig.  176),  and  draw  a  straight  lino  A  B  equal  to 
the  half-circumference  divided  into  corresponding  parts, 
Hg.  174.  A  B  represents  the  distance  throi^h  which  the  crank-pin 

moves  during  half  a  revolution,  developed  into  a  sti^ght 
Tina.  If  at  any  point,  such  as  2,  we  draw  a  line  2  C  representing  the  crank,  and  a  lino 
2  P  representing  the  connecting-rod,  and  draw  Q  2  touching  (he  circle  at  2,  and  therefore 
representing  the  direction  in  which  the  crank-pin  is  moving  at  the  point  2,  while  P  C 
represonta  die  direction  of  the  piston,  we  may  take  any  length  P  D  representing  the 
fbrce  of  the  piston  (as,  for  instance,  if  the  pressure  on  the  piston  were  5  tons,  we  might 
take  P  D  =  S  inches),  draw  B  E  perpandicuUi  to  F  D,  P  F  parallel  to  Q  2,  and  E  F 
perpendicular  to  F  F.  Then,  on  the  principle  of  resolved  forces,  the  length  of  P  E 
represents  the  fi^ce  transmitted  through  the  connecting-rod,  and  P  F  the  force  tending 
am  the  ciank,  while  D  E  measures  the  aide  thrust  on  the  piston-rod,  and  E  F  the 
iM^tudinal  strain  on  Itie  crank,  pushing  the  shaA  against  its  bearings.  If,  now,  at  the 
point  2  in  the  line  A  B  we  erect  a  perpendicular  2  R,  equal  in  length  to  P  F,  and  at 
the  paints  1, 3, 4,  &c.,  erect  olhen  deduced  by  the  same  kind  of  consttuotion 


a  curve  through  thoir  mnuuiU,  the  heiglit  or  ordinate  of  irhioh  at  any  point  m^unrca 
the  force  taming  the  crank-pin  at  tlie  eMreeponding  pdntof  ita  dmunference;  and 

therefore  the  area  or 
space  enclosed  be- 


ita  1mm  a  fi,  which 
ma;  be  coniidered  to 
be  made  up  of  an 
indefinite  number  of 
these  ordinates,  mea- 
surea  the  total  force 
expended  on  the 
crtml  daring  a  half- 
revolution.  If,  now, 
ve  tate  a  line  Q  H 
equal  to  the  diameter 
of  the  crank- circle 
or  the  stroke  of  the 
piston,  and  dividing 
it  into'  any  number 
of  equsl  parts,  erect 
ordinates  each  equal 
to  P  D,  and  there- 
fore reproseutiug  the 
constant  fbrce  of  tho 
piston,  the  area  of  Qm 
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itangnlar  figure  G  H  E  L  thus  formed  will,  in  like  manner, 
measure  tie  total  force  of  the  piston  during  ohe  stroke,  Itirill  be  found  that  the 
area  of  this  flguro  ia  eiactl;  equal  to  that  of  the  curvilinear  figure,  aa  might  be  pre- 
dicted from  the  knowledge  of  the  mechanical  principle,  that  by  no  combinatiou  of 
machinay  can  we  create  or  annibilate  force ;  and  that  conieqnentlj  whatover  power 
the  piston  daring  ite  straight  stroke  impressed  upon  the  crank,  is  Ciund  in  the  erank 
during  ita  ciroular  movement.  B;  altering  the  length  of  the  connecting-iod,  as  com- 
pared with  that  of  the  crank,  we  alter  the  figure  of  the  foree-curvo,  but  we  do  not 
change  ite  area;  and  whether  the  connecting-rod  bo  long  or  short,  lie  power  conveyed 
tluough  it  during  the  half-Myolufion  ia  couataut.  The  other  half-revolution  being 
effected  under  similar  circumstancei,  would  give  a.  force-carvi  precisely  like  that  of  the 
former. 

In  this  investigation  wo  have  obaerved  Chat  the  oblique  action  of  the  connecting-rod 
causes  a  lateral  thrust  on  the  piston-iod,  measured  by  the  line  D  E.  It  will  be  foonO 
that  tie  longer  the  counecting-rod,  tho  leas  will  this  lateral  thrust  be ;  and  as  it  is  a  forco 
not  only  uselesa  to  the  machinery  but  positively  prejudicial,  aa  it  lends  to  bend  tiie 
piaton-rod  or  force  it  out  of  its  straight  path,  it  is  advantageona  to  reduce  it  to  aa  am  all 
a  quantity  aa  poasible,  and  to  provide  means  for  oounteraoting  ite  influence.  For  this 
reason,  a  long  connacting-rod,  threeorfom  times  the  lengti  of  the  crankradiiuatleast, 
should  be  employed,  and  (he  end  of  the  piaton-rod  should  be  made  to  move  in  guides  lo 
as  to  prevent  it  from  tieing  doSccted.  As  the  piston  at  the  dead  centres  has  no  inflnen  ce 
in  causing  the  crank  lo  revolve,  it  is  necessary  to  provide  some  means  of  makii^  up  for 
this  deflcienoy.     On  tbe  crank  shaft  there  is  fixed  a  large  heavy  wheel,  iriiicli  revolves 
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of  force  to  oarry  the  eaak  iDnud  the  dead  oi 
othsrwiie  to  eqiuliM  ths  moremaiit     A  Urge  idm« 

Buch  u  the  fly-irheel,  ireigliiiig  tometimei  many  torn,  caonat  be 
put  in  moUon  at  a  high  veloci^  without  the  cxpeuditure  of  great 
force ;  but  when  it  ia  in  motion  it  requires  ai  great  fbice  tc 
it.  In  the  motion  of  a  cranli  conneeted  wilh  a  fly-wheel,  while 
the  crank  is  receiring  iti  mort  Advaatagoout  impulu  from  tLe 
piston  at  such  points  &s  2,  3  or  i,  it  communicates  some  of  its 
overplus  to  the  ftj-whcel,  which  is  lliere  stored  np  in  tie  fon 
of  momentum  or  actiTO  power,  to  be  given  out  upon  Uie  craiJt 
and  any  machinery  connected  with  it,  whoa  it  is  at  the  points 
1  and  6  remving  do  power  from  the  piston. 

IncaseBwhereafly-irheelianaocountofita  weight  and  bulk, 
cannot  be  applied — as  in  marine  and  locomotive  engines — the 
engine  is  made  in  duplicate,  with  two  cylinders,  pistons,  con- 
nevtiug-roda,  and  cranlcs,  the  cranks  bdng  fixed  on  one  shaft  at 
right  angles  to  each  other.  'While  the  one  crank  is  on  its  dead 
centre,  as  C  A  (Fig.  I7(i),  and  i«ceiving  no  rotary  impulse; 
n«.  17a.  tho  other  crank  C  B  is  nearly  at  its  beat  position  for  receiv- 

ing the  force  of  its  piston.  As  the  whole  power  of  an  engine  has  to  pass  throng 
its  oannecting-rod,  the  joints  which  connect  it  with  the  piaton-tod  and  the  crank  require 
to  be  made  of  great  strength,  and  with  precautions  against  friction  and  wear.  The  pins 
of  the  crank  and  piston-rod,  on  which  t2iese  joints  woik,  ara  made  o£  wrought-iion,  for 
the  sake  of  strength ;  and 
OS  the  friction  of  like 
metals  upon  each  otber  is 
found  to  exceed  t^t  of 
difiereut  metals,  the  eyes 
at  the  ends  of  the  con- 
neoting-iod  are  lined  or 
iia/md  with  brass,  gun- 
metal,  or  some  soft  metal, 
auch  as  tin  alloyed  with 
copper.  Tho  special  coa- 
structiou  of  those  eyes 
depends  upon  circum- 
stances, different  engi- 
neers having  preferences 
for  different  forms. 

In  Fig.  177  is  repre- 
sented what  is  called 
the  ttrap-eye.  The  end 
A  of  the  connecting-rod 
is  squared,  so  that  a 
wrought-iron  strap  B,  bent 
to  horse-ahoe  form,  can 
elide  on  to  it.  Between  the  arch  of  the  strap  and  the  flat  end  of  the  rod,  are  insraled  the 
upper  brass  C  and  the  lower  brass  B,  generally  made  of  gun-metsl,  sometimea  lined  with 
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goftmetal.  The bruKahareprojeotiiiglqw or fluigoeateaoliaidatopraTeiitlJiemfram 
noTing  mdenyB  within  the  eje.  Through  the  ddea  of  th«  itnip  and  the  he»d  of  the 
connecting-rod  ii  cot  a 
dot,  into  irbich  ue  fitted 
two  pieces  of  iion,  the  key 
£  and  the  gib  F,  each 
dightlf  tapered,  so  that 
vhen  the  key  is  diiven 
gently  into  its  place  by 
a  huumer,  it  acts  m  a 
wedge,  pulling  the  Btiap 
down,  and  thereby  tight- 
ening the  brasie*  on  the 
pin  to  which  they  ue 
fitted.  A  litUe  space  is 
left  between  the  edges  of 
the  brassea  to  permit  their 
eloeer  approach  as  they  or 
the  pin  become  worn  in 

the  hole ;  and  the  slot  for  "B-  "»■ 

receiving  the  gib  and  the  key  it  extended  upwards  in  the  strap  and  downward*  in 
tJie  coDJiecting-rod  to  pormit  the  key  to  be  driyen.  Lest  the  key  should  be  shaken 
loose  by  the  moUon  of  tlie  machinery,  it  is  often  split  open  at  the  amall  end,  and  a 
wedge  G  is  driven  in  to  spread  it  laterally. 

The  fork-end  (Fig.  178)  iamadeby  forming  the  end  of  the  oonnectJi^-Tod  like  a  foA, 
fitting  it  with  gun-metal  bushes,  and  tightening  them  by  meana  of  a  gib  and  key.  The 
bushed-eye  (Fig.  179)  ia  formed  by  shaping  the  end  of  the  tod  into  an  eye,  in  which 
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gnn-metal  bushes  are  fitted,  capable  of  bmng  tightened  by  a  key  passiD;  through  a  slot 
in  the  rod,  and  bearing  against  th«  lower  bush,  which  la  notched  to  receive  it.  Some- 
times  the  eyes  are  made  m  roimiented  in  Fig.  180.    Theendof  the  rod  A  i*  thread  out, 


I 
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on  Thieh  ws  fitted  two  bianei  n 
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»  fit  the  fan,  uiil  ncured  'by  m 

bolts  and  nub  D  E  paenng 
through  the  und  of  the  lod,  and 
holes  in  the  braseei  fitted  a, 
nlelj  to  receivo  them. 

Such  are  the  modes  princi- 
pal! j  used  of  foraiiiig  the  ajea  of 
Coimectmg-rode,  or  of  aay  jouita 
through  which  considerable  stnuii 
bai  U>  be  oommunicated. 

The  cnnk  A  (Fig.  181)  ii 
tnnde  lometimes  of  cait-iron  for 
I  Btationaty  cugineB,  but  generally, 
I  for  marine  enginea,  of  wiought- 
iran,  having  a  hole  fitted  to  B 
the  round  end  of  the  ahalt,  on 
which  il  ia  fixed,  and  prevented 
from   turning   by  B  key  C   ( 


tapered  piece  of  iron,  driven  tigkly  into  a  slit,  formed  partly  in  the  crank  and  partly  ii 

theahaft  Gene- 
rally, the  round 
In  the  crank 
ide  elig^tly 

smallcT   in   dja- 

metei  than   the 

round  end  of  the 

shaft;  theotsnk  ^^^ 

s  heated  so  ai 

t:j  expand  it,  and  pocmit  it  to  be  driven  on  the  ehaft;  aod  as  it  ojola  it  tendi  to  con- 

tract,  and  thereby 
become!  very  fii 
ly  bound  on  to 
shaft,  the  end  of 
vhich  is  rivetted 
or  hammered  O' 
the  hole.  1 
Qrank-pin  D  is 
made  to  fit  truly 
into  a  hole  in  the 
craiik,inwhichitis 
ftoiDctiinea  secured 
by  a  key  or  pii 
driven  through  i 
transversely.  The 
distance  E  F  be- 
tween the  centre 
line  oi  axil  of  the 
s  exactly  hair  the 
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leogtli  of  the  tiroit  of  the  piaton.  For  looomoUve  engines,  and,  indeed,  tor  msnj-  of 
the  Urgert  marme  enginoB,  when  double  cranio  tte  required,  it  is  iisuml  t«  fcrge  both 
cranks  (md  tie  diaft  io  one  piece,  u  indicated  Jn  Fi«.  182.  By  thii  means  great 
strength  and  um^city  are  seouretl,  and  all  the  risk  of  the  loosening  of  parts  put 
together  by  keys  or  otherwise  is  aToided, 

As,  by  BUMinfl  of  a  crank,  the  reciprooatdng  motion  of  a  piston  w  conrerted  mto  a 
continnouB  rotaiT  motion  of  the  shaft,  ao  the  continuous  lerolutions  of  the  shaft  miiy,  by 
means  of  a  orank,  be  con-  _ 

verted  int«  a  reciprocating  c  _«^ 

movement  for  the  slide  or  .-^ 

feed-pump ;  but  for  this  /' 

purpose,  inataadaf  n  crank,  i 

an  eccentric  is  generally  i 

employed.  It  consists  of  a  \^ 

circular  disc  A  (Fig.  183),  \ 

having  a  hole  B,  not  in  its 
centre,  through  which  {he 
shaft  passes.  Bound  the 
disc  is  fitted  ti  ring  C, 
generally  made  in  halves, 
Hceured  to  each  other  by 
bolts  and  nuts  at  D ;  and 
to  one  sidp  of  the  ring  is 
attached  the  eccentrio  rod 
E  F.  The  eccentrio  disc, 
or  ihane,  being  firmly 
fixed  on  the  shaft,  is  caused 
to  revolve  with  the  latter, 
and  its  ceatie  is  llius  made 
to  describe  a  circle  round 
the  centre  of  &a  shaft. 
The  wholo  sheave  thus  be- 
comes a  crank-pin  of  ex- 
tended diameter ;  and  as 
it  can,  slip  freely  round 
within  the  ring,  the  end 
F  of  the  eccentric-rod  ia 
cansed  to  move  upwards 

and   downwards,    during  I ' 

every  revolution,  through  i.  rig.  is*,  ii. 

a  distance  equal  to  the 

diameter  of  the  circle  through  which  the  centre  of  the  sheave  revolves.  The  radius 
of  this  cirde  is  called  the  t&rmo  of  the  eccenMc ;  and  its  diameter,  or  the  distance 
through  which  F  is  caused  to  move  during  a  half-revolution,  is  called  the  stroke  of  the 
eccentric  -rod.  The  setting  of  the  eccentric  upon  the  shaft,  or  the  filing  of  its  position 
with  respect  to  that  of  the  crank,  ia  a  matter  of  nice  adjustment  for  causing  an  e%ine 
to  act  well,  as  we  shall  endeavour  to  describe.  Let  A  (Fig.  184)  lepieaent  the  outline 
of  a  cylinder  and  piM«n,  with  (he  ports  at  one  aide,  and  a  long  D-slide  D  fitted  to  them, 
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0  the  dnle  in  wfaicb  tiie  cmnfc-ina  nrolveB,  and  E  thM  in  whioh  the  oentre  at  Uie 
eaomtaio  reroWee  in  eonnecUan  iritli  it  We  lappciM  the  piahm  at  the  top  iboka,  and 
tho  crank-inn  at  C.  If  it  is  intended  that  the  eiank  shall  lerolTe  in  the  diiectiDn  of 
the  anoT  in  I,  the  eecentdo  TST<dTing  in  the  awoe  diiwtdon,  the  ilide  should  be  jntf 
opening  to  admit  Eteam  aboT«  the  piston,  and  to  permit  it«  exit  from  below  it  The 
gentre  of  the  eccentric  mnat,  therefbie,  be  at  aome  mch  poaition  aa  £*, — m  that,  as 
it  e(nitinneatoreTolTe,itmajecmtinae  toopen  the  tlide  toiteam  abore  and  to  ednction 
bdoT  for  some  time,  and  then  b«  read;  at  <*  when  the  crank  reachea  C  to  rererse  the 
movement.  Again,  if  the  rotation  of  the  crank  be  in  the  oppoaits  direction,  as  in  II, 
the  eooenlric  centre  mnrt  for  the  like  reason  be  at  E',  a  point  on  the  side  of  the  Tcrtioal 
cenbsl  line  oppoeito  to  that  occnpied  by  E*.  In  an  engine  always  moring  in  one 
direction,  the  eccentric  can  be  fixed  on  the  shaft  in  such  a  manner  aa  to  give  the  propn 
slide ;  but  when  it  is  desired  that  the  engine  shonld  more  in  the 
opposite  direotioD,  some  expedient  mnst  be  derised  tor 
altering  the  position  of  the  eccentric  on  the  shaft 
through  an  ai^Io  measured  by  twice  E'  F',  or  £"  F", 
so  se  to  throw  iU  centze  as  much  to  one  side  as  it  was 
to  the  other  side  of  the  crank  pin.  The  simplest  mode 
of  effecting  this  object  is  to  make  the  ecoeuUc  sheaTe 
loose  on  the  shsA,  with  a  piece  A  B  (Fig.  1S5}  pro- 
jecting from  its  &ce,  and  a  piece,  or  stop,  C  D 
pqjecting  from  the  shaft.  When  the  shaft  mores 
in  one  direction,  tiie  eccentric  remains  at  leat  until 
the  end  C  of  the  stop  comes  against  B,  when  it  is 
caused  to  rerolTe  with  the  shaft  But,  if  the  shaft  rotate  in  the  opposite  direotion,  it 
lesTes  the  eccentric  behind,  until  D  come  round  to  A,  when  it  is  again  caused  to  reroive, 
but  having  its  centre  changed 
with  respect  to  any  fixed  point 
on  the  shaft,  by  a  quantity  deter- 
mined by  the  extent  of  slip  before 
the  opposite  edges  of  the  stops 
come  in  contact  When  this 
anangement  is  adopted,  the  end 
of  theecoentric-rod  is  generally 
made  of  the  form  indicated  in 
Fig.  IS6,  having  what  u  called  a 
pai  or  round-bottomed  notch  A 
fitted  to  the  pin  of  the  slide  rod 
B.  When  the  eooentnc  rod  is 
pushed  or  drawn  aside,  so  as  to 
relieve  the  dido-rod  pm  from  the 
gab,  the  sLde  can  be  moved  up- 
wards or  downwards  by  hand, 
independently  of  any  motion  of 
tlie  eccentric-rod,  and  the  movement  of  the  steam  above  or  below  the  piston  thos 
changed  at  pleasure.  C  is  a  guard  or  stop  to  prevent  the  withdrawal  of  the  rod  too 
&r  from  Hie  pin.  The  slide-rod  is  generally  made  capable  of  being  woAed  by  a 
lever  conveniently  ntuated  for  the  hand  of  the  attendant     When  he  wishes  to  revena 


Fig.  lie. 
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tbe  motioi]  of  the  engine,  lie  qtttcUy  withdrawB  the  gtb  frotn  the  alide-iod  pin,  and  ij 
means  of  the  hand-lsTer  moves  the  slide  ia  the  direction  opposite  to  that  in  which  it  was 
fbnnerly  mored  by  the  eccentric.  He  thus  thhiws  tiie  steam-preanie  on  the  opposite 
side  of  the  piston — if  it  was  formerly  ascending  it  begins  to  descend,  and  cooversolj — the 
movement  of  tile  cnmk  and  shaft  is  thus  reversed,  the  stop  that  drives  the  ei 
brought  nnind  to  the  opposite  side  ;  and  when,  after  &  tew  alternations  of  the  slide  by 
hmd,  the  KTcmal  of  tho  engine  ia  fairly  established,  the  gab  of  the  ecceniric-FOd  is  per- 
mitted again  to  iiop  over  the  slide-rod  pin,  and  lbs  contrary  motdon  continue*. 

Wben  there  are  two  engines  working  togetlier,  such  as  maaoe  or  locomotive  engines, 
the  rtnmber  ofoperationB  required  for  reversal  makes  it  a  rather  difficult  matter.  There 
are  two  slides,  two  eccentric*,  and  two  seta  of  hand-levers ;  both  gabs  have  to  be  thrown 
oat  of  gear,  and  both  leren  worked  for  a  time  by  hand,  while  great  caro  is  demanded 
on  tlie  part  of  the  attendant  lest  he  work  them  in  such  a  way  aa  to  neutralize  each 
other,  or  oppose  Om  reversing  effect  which  he  desires  to  produce.  To  overcome  these 
difficulties,  on  ingenious  airangemeat,  called  the  link  tnetion,  haabeen  introduced  in  m 
and  locomotive  engines.  For  each  of  the  engines  there  are  two  eccentrics  Bied  side  by 
side  on  the  shaft,  and  their  rods  are  jointed  to  an  arc  A  (Fig.  187)  with  a  circular  alot 
in  it,  in  which  the  pin  B  of  the  slide-rod  can 
fieely  slide.  The  two  eccentrics  are  fixed  on  the 
shaft  in  suoh  positloiis  thst  one  is  adapted  for  tbe 
motion  of  the  shaft  in  one  direotiou,  while  the 
otber  suits  its  motion  in  the  opposite  direction. 
When  tbe  rod  of  the  one  ia  nearly  in  a  direct  lino 
with  the  slide-rod,  it  gives  it  its  reciprocating 
motion,  while  the  other  merely  causes  the  arc  to 
oscillato  without  affecting  the  motion  of  the  elide ; 
but  wKen  the  arc  and  rods  are  pulled  aside,  so  as 
to  bring  tlie  slide-pin  under  tbe  other  eccentric 
rod,  its  motion  ie  given  to  the  slide,  and  the  ongine 
is  thus  reversed.  With  such  an  apparatus,  then, 
one  simple  movemcat  of  a  hand-lever,  connected 
with  the  arcs  of  both  engines,  causes  their  iim 
diato  revenal.  But  tliis  is  not  tbe  only  advantage 
of  the  link  motion.  It  will  be  readily  seen  tbat 
the  middle  point  A  of  the  arc  being  broogbt  round 
to  tlie  slide-rod  pin,  the  latter  will  be  left  nearly 
at  rest,  for  the  opposite  ends  of  the  arc  being 
moved  nearly  in  opposite  directions  by  the  eccen- 
trics will  merely  oscillate  round  A,  as  a  fulcrum  or 

centre.  By  bringing  the  arc  to  tiis  position  the  engines  art  stopped,  because  tl 
being  at  rest,  admits  no  alternation  of  steam  above  or  below  the  piston.  Again,  by 
ahilting  fbfl  arc  so  as  to  bring  the  pin  to  any  point  on  either  side  of  A,  » 
movement  of  tlie  slide  in  either  direction  is  produced  at  pleasure,  and  thus  the  quantity 
of  steam  passing  through  tbe  ports  into  the  cylinder  may  be  varied,  and  consequently 
the  speed  of  the  engine,  according  aa  tho  slide  ia  caused  to  eijiosa  a  greater  o: 
amoi(nt  of  opening  at  the  porta  for  its  admission. 

When  valves  are  used  instead  of  tbe  slide,  for  alternating  the  flow  of  steam  to  the 
cylinder,  it  is  not  unnsual  to  move  them  by  apparatus  called  eami ;  A  (Fig.  ISS)  is  a 
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tlie  boileT,  B  «  port  to  the  cfliader,  and  C  s  valve,  either  mm^  or  of 
the  double-beat  kind,  clocing  the  passage  from  A  to  B. 
The  Talve-rod  C  D,  pasmng  through  a  ituffing-box  in 
the  cover  of  the  valve-box,  tensinatei  in  a  loller  D, 
wbich  bean  upon  a  cam  F  fixed  on  a  ihait  £,  cuiaed 
to  rotate  by  the  engine.  Thia  can  ia  a  dise  paitlf 
circular,  and  with  part  of  it  F  projecting  to  a  greater 
distance  from  the  centre.  Aa  long  as  the  rollv  D  bean 
upon  the  circular  pottioa,  tbe  valve  C  remaini  down 
upon  its  seat ;  but  ai  the  projecting  part  of  the  cam  i« 
bronght  hy  its  revolution  under  the  roller,  the  valve- 
rod  is  ptudied  np  and  the  valve  lifted  to  permit  (he 


Fi«.  i«a. 
e  steam.    B;  varjing  the  extent  of  the  projecting  part,  the  valve  can 
be  kept  open  duiing  a  greater  or  leas  portion  of  a  revcdntion  of  E.     Wben  it  ia 
deaimble  to  vary  this  period,  the  cam  ii  Kinietijnes  made  with  nmnerooB  etepe  of  various 

extents,  on  any  of  whioh  the  toller  may  be  made  to  bear  at  pleasure  (Fig.  189). 

For  CDgines  revolving  slowly,  this  mode  of  woAiug  valves  is  very  valoable,  as  it 

gives  the  power  of  admitting  steam  to  the  cylinder  during  a  lees  or  greater  part  of  a 

■tioke,  and  theto- 
by  of  taking  ad- 
vantage of  its 
expansive  power 
within  the  cylin- 
der. But  when 
the  rate  of  revo- 
lution ia  nther 
rapid,  it  i»  diffi- 
cult to  1""^"  the 
cam  and  roller 
capable  of  work. 
ingwithoutuoiay 


ng.i9o. 

d  yet  are  required  to  n 


blows,  resulting 
from  their  ra^d 
alternations. 
In  stationary 

engine!,     which 

are  subjected  to 

continual  varia- 

with  great  regularity,  it  ii  eaMOlial  to 
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provide  aoma  moans  of  goTeming  the  speed.    The  m 

tus  for  thU  poipoaa  ia  the  conical 

pendulum  or  governor,  invented 

bj  Watt  (Fig.  ISO).    We  have 

already  described  it  in  general 

terms  as  applied  to  windmills. 

For  stcuD-engineB  it  is  used 
in  a  similar  manner.  Tlio  verti- 
cal spindle  is  put  in  motion  by 
the  engine,  androvolves  quickly 
or  alowly  according  to  the  velo- 
city of  the  engine.  When  it 
rerolvea  rapidly,  tho  balls  fly 
outwards  and  rai^e  the  grooved 
brasa  which  slides  on  the  spindle 


A  (Fig,  191),  and  thus  movee  a  forked  lever  B,  which, 
by  proper  rods  and  lovers  C,  causes  the  throttle-viilve  D 
to  turn  round  in  the  etcam-pipe,  and  check  the  psasage  of 
tho  rteam  to  the  cylinder.  When  the  engine  revolves 
alowly,  on  the  other  hand,  the  balls  fell  in,  the  brass  sinks, 
g  and  tho  throttle-valve  is  presented  edgeways  to  flie  aleam, 
""-I  pennits  a  more  free  passage. 

the  pendulum  of  a  clock,  the  length  from  the 
uspcDsion  to  the  bob  must  be  regulated  to  beat 
aeeonde,  or  half-seconds,  or  any  other  intervals 
that  may  be  required;  so  in  the  conical  pendulum 
or  governor,  the  length  of  the  arms  that  carry 
the  balls  must  be  regulated  by  the  speed  at 
which  they  revolve.  In  discussing  this  question, 
wo  need  only  consider  one  ball,  as  eacli  is 
regulated  by  tho  same  Uw,  nnd  they  arc 
^neraUy  made  in  duplicate  for  the  sake  of 
balancing  the  apparatus,  and  to  give  it  symme- 
try. The  force  vhioh  tends  to  throw  the  hall 
outwards  firom  tho  vortical  spindle,  is  the  centri- 
fugal force  of  its  revolution,  or  its  tendency  in 
obedience  to  the  first  law  of  motion  to  proceed 
in  the  straight  line  E  F  [Fig.  192),  toochiiig 
the  circle  in  which  it  revolves,  rather  than  to  he 
continually  diverted  from  ita  straight  to  a  cilt- 
culac  paUi,  The  force  which  opposes  tho 
centrifugal  force,  and  causes  the  ball  to  be  continually  defected  from  the  straight 
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ii  the  weigM  of  the  ball  tm^g  to  posh  it  close  bone  to  the  Tcrtical  spindle. 
e  take  any  position  of  tbe  bsll,  lucb  ss  B,  A  B  being  the  Tcrtical  spindle, 
and  complete  tbe  puallelagram  of  foiccs  A  B  D  H,  while  tbe  line  D  H  or  A  B  repre- 
aents  in  quantity  and  direction  the  ireigbt  of  tbe  bull,  and  D  B  drewing  it  down,  or 

~l  the  eentiifug>l  force  pmhing  it  outwards,  A  D  represents  the  resultant  of 
tboae  two  foices  as  a  tensioii  on  the  rod  hj  which  the  hall  is  suspended.  If  we 
know  the  Telocity  with  which  the  ball  movea  in  ita  path,  and  tbe  radius  of  that  path, 
ve  <«xt  eatimate  ita  centrifugal  force  in  oompariBon  with  its  weight,  and  can  make  the 
limb  A  I)  of  such  a  length  that  these  two  foicca  shall  be  properly  proportioned  for  a 
certain  Telocity.* 

The  length  of  tbe  arm  of  tbe  goremor,  messuied  from  the  point  of  anspenuoa  to 
the  centre  of  the  ball,  may  be  fonnd  from  the  following  rule : — 

■  Xotc. — E  G  bring  part  of  the  circular  path,  which  may  he  token  ss  smaU  as  we 
please,  and  E  K  perpendicular  on  C  F,  F  X  is  nearly  bisected  in  G,  and  E  K  is  nearly 
equal  to  E  F,  and  K  F  nearly  parallel  to  C  K  Also  C£:EF::EE:EF=: 
EE-EP  ,    EF" 

— j^g— .otneariy-;^. 

A  body  projected  from  E  with  such  a  Telocity  as  would  in  a  small  period  A  (  c« 
it  to  deeoribe  E  F  if  acted  on  during  that  period  by  a  constant  deflecting  force  parallel 
to  C  E,  giTJng  it  during  A  i  a  Telocity  which  would  cause  it  to  descrilie  uniformly  FK 
in  the  time  A  t  would  be  deflected  tlirough  F  G,  the  half  of  F  X  in  tlic  time  A  (. 

Itf^  the  deflecting  force  pet  second  (measured  by  the  velocity  acquired),  /  A  ^  is 
the  space  tiaTeraed  during  A  f  at  the  Telocity  acquired  during  A  I,  and  if  c  be  the 
velocity  per  second  of  tbe  body  in  E  F,  and  therefore  E  F  ^  v  A  f,  and  r  ^  C  £,  the 
radios  (measoied  in  inches), 

Tahing  n  =  the  number  of  revolutions  per  minute,  y^  :=  number  per  second,  and 

2  X  r  =;tbe  circumfereneo  traversed  in  each  revolution,  .■.  v^  — 77 —  =^ .,  ... 

60  9045 

=•>«■•■'=  WSW'r-  =  5lTB.'  '"^  »•"''• 

The  force  of  gravity  is  measured  by  a  velocity  of  32J  feet  or  385  inobex  acquiretl 
per  second,  and  taking  teethe  weight  of  the  body,/  ;  ur  : :  -^  :  385 

IB  is  meosured  by  A  B,  and  as  B  B  =:  r 


AB  :  BD  ::  «  ;/:; 

,  „       35344  B  B       35344 


■  36314 


It  ifl  convenient  in  practt'ee  to  make  the  angle  BAD  about  30°  when  the  governor 
ta  at  its  average  speed,  when  AB=2DB,  andaaAD^^AB^  +  DB!',  wefind 


AD  =  ^(11«)=  =  {^)', 
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Divide  200  hj  the  niunber  of  revolutions  per  minute,  and  multiply  the  quotient  by 

itself  fortlie  length  

in  inches. 

Exampk, — Ke- 
c^uired  the  length 

a  goTemor  arm 
suited  to  60  levo- 
lutioofl     per    mi- 


nnd  4  X  4  =  IS 

LDehes. 

Tofindtho  speed 
suited  to  u  gover- 
nor of  a  given 
length  of  ana. 

Divide  200  by 
the  square  root  af 
length  (in 
inches),  and  the 
quotient  will  bo 
of 


the 
rcvolutioiispeim 

ExaiapU. — Be- 
quired  the  proper 
Kpeed  for  a  gover- 
nor having  an  ana 
1  &  inches  long. 

The  square  root 
of    16   is   4,   and 
=  SO  rcvolu- 

lioDa  per  minute. 

The  rods  and 
Icvera  connecting 
the  governor  with 

:    the   tirottle-valje 

!  ts'.iould  be  capable 
of  adjustment,  and 
it  is  useful  to  have 
iLii  adjusting  coun- 
terbalance to  the 
iM^ntrifugal  force  a  f 
tho  balls,  by  chang- 
ing  which  the  re- 
gulated speed  of  the  engine  can  he  vsried  at  pleasure.  Although  the  governor  we  hftve 
described  isa  mortvaluable  accession  toan  engine,  yet  it  isnot  a  perfect  regulator ;  foriti 
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r  mode  of  uitioii  iinpUei  that  tho  velocity  of  the  eDgine  mnit  bsTe  imdergime  ■  clunge, 
1)efim  tlie  gorenior  can 
btve  begnn  to  more  the 
throttlB-ralve.  But  with- 
in c^tun  limili  the  vari- 
ation in  ipeed  of  an  engine 
ikaa  regulated  is  iQcon- 
nderable,  and  there  it  no 
apporatui  lo  aiiiqdA  and 
durable  that  ia  capable  of 
,  maintaining  1^  legu- 
luitj. 

Another  kind  of  go 
rernor  hai  been  applied, 
not  wiUiont  sacoem.  The 
lerer  of  the  throttle-TalTe 
is  connected  bf  a  rod  vith 
a  small  piiton  iroAinj^ 
acflindet;  thoenginepota 
in  motion  a  amall  pomp, 
irhich  forces  air  or  water 
into  this  cylinder,  and 
eecapea  from  it  by  i 
apertore,  the  lize  of  irhich 
can  be  regulated  at  plea- 
mre.  If  Sieipeedof  the- 
engine  inereafleT  the  small 
cylinder  is  filled  more 
pidly  tlian  it  can  empty 
itaolf,  and  the  piaton  thug 
raised  cloiea  the  throttlu- 
TalTe.  Should  the  engine 
more  more  alowly,  the 
amall  cylinder  becomes 
emptied  more  rapidly  thaii 
it  ia  filled  by  the  pump ; 
and  the  piaton  descending, 
opens  the   throttle-valve 

to  the  main  cylinder. 

Having  now  described 
separately   the   principal 
parts  of  which  a  non-( 
"'  denaing  engine  consi 

we  wiU  diocnsfi  some  of  the  modea  in  which  these  parts  can  be  most  conTeniontly  arranged. 
Figs.  193  and  194  are  aectiona,  transverse  to  each  other,   of  a  vertical,  direct- 
acting  non-condensing  ei^ine ;  and  Fig.  19S  a  plan  of  the  aame.    A  ia  the  foundation- 
plate,  forming  the  bottom  of  the  cylinder  B,  which  is  secured  to  it  by  bolts  and  nuts. 
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C,  the  slide  and  stetin  puiages.  S,  the  puCon  and  rod,  tenniaatinB  in  a  crow-hesd  E, 
which  irork>  between  ^des,  and  to  whioh  ii  jointed  the  connectiDg-rod  P.  6,  the 
onnk ;  imd  H  E,  the  bearings  in  which  the  eranlc-ibaft  TeT<dTee.  I,  the  eccentrio 
rod  for  working  the  slide ;  and  E,  an  eccentric  for  working  the  feed-pump  L.  H,  the 
fly-wheel.     This  engine  ii  of  Tery  simple   construction,  and  hai  no  parts  that  a 


minute,  we  have  to  divide  their  prodnet  by  33,000  tc 
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paver.  For  example,  if  ve  knew  that  the  piiton  moved  oret  200  feet  avBty  min 
er  an  average  pretsure  of  ISM  Iba.  on  its  whole  nu&ce,  the  cdeet  would  tw  the 
e  ai  if  1660  X  200  =:  330,000  Ib^ 
moved  over  I  foot  per  loinate  ;  and  ai 
1  hone-power  ii  reckoned  equivalent  to 
33,000  lbs.  raoTcd  over  1  foot  per  mi- 
nute, the  power  in  die  e«m  asaumed  ia 
330,000       ,„, 

^  =  10hor«^power. 

But  in  estimating  the  pnanire  on  the 

piston,  ve  are  not  entitled  to  aiaume  it 
hat  of  the  ateam  in  the  boiler,  which 
may  be  mcMured  by  a  ateam-gaugc.  In 
the  first  place,  there  is  alwayB  eome  length 
of  pipe  between  the  boiler  and  the  cy- 
linder, and  the  steam  passing  through 
Ihie  pipe  lose*  some  portion  of  ita  heat. 
Referring  to  the  table  of  temperatures 
td  correepondiDg  pressures,  we  can 
e  that  the  reduction  by  a  very  few 
degieea  of  the  former,  produces  a  very 
conuderable  diminutioa  of  the  latter. 
While  it  is  usual  to  cover  the  steam- 
pipe  wit]]  felt,  OT  Bomu  such  noa-oon- 
ducting  casing,  in  order  to  prevent  a  loss 
of  this  kind  Bs  far  as  possible ;  jet  with 
every  prci^aution  there  is  a  diminution  of 
pressure  ta  the  extent  of  Bct-eral  pounds 
per  square  inch,  especially  when  the 
initial  pressure  is  considerable.    Here-  .„     ,g. 

er,  before  the  steam  enters  the  cy- 
linder, it  has  to  puss  the  throttle-valve,  which  may  be  partially  closed  by  the  gavcraoc, 
and  the  steam  is  thus,  aa  it  were,  Kire-ifraicn,  or  made  thinner,  leas  dense,  and  conse- 
quently capable  of  pressing  with  loss  force  on  the  piston.  Were  the  piston  at  rest, 
however  small  might  be  the  passage  for  the  steam,  yet,  like  water  finding  its  level,  i 
pressure  would  very  quickly  become  uniform  throughout  every  cavity  to  which  it  might 
have  accoEB.  But  as  the  piston  is  in  motion,  the  steam  has  to  flow  along  the  pipe  and 
passaged  with  sufficient  rapidity  to  follow  up  the  piston  in  ita  progress ;  and  if  its  course 
'le  arrested  or  impeded,  that  poiiioa  of  it  beyond  the  impediment  must  necessarily  bi 
less  density  than  that  before  it.  Again,  as  tihe  alternate  Bow  of  tho  steam  above  : 
below  the  piston  is  controlled  by  means  of  valves  or  a  slide,  tho  apertures  covered  by 
n  cannot  be  opened  or  "dosed  inBtantaneonsly,  and  there  must  therefore  he  at  every 
mation  momcniB  of  tranaition,  during  wMth  the  paeaagcs  are  throttled  and  the 
jn  wire-drawn.  When  the  dido  is  moved  by  an  eccentric,  the  opening  and  closing 
of  the  ports  is  gradual,  and  the  amount  of  passage  open  for  the  steam  is  continually 
changing.  If  the  slide  and  eccentric  be  so  adjusted  that  the  upperport  is  just  beginning 
o  open  when  the  piston  is  at  the  top,  it  will  continue  to  open  for  lome  time  daiing  the 
descent  of  tho  piston,  imtil  it  attains  its  extrcmo  width.     It  then  begins  to  close ;  and 
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re  the  piston  reoclies  tbe  bottom  it  naBt  be  closed  « 


IS  liythe  glide,  wbiok  baa 
moved  onwards 
aaufBcieut  dia- 
tance  to  ho 
ready for  open- 
ing Ilie  bottom 
port  to  admit 


generally  so  ad- 
justed tliateucli 
port  is   closed 
wbeu  the  pis- 
ton has  paused 
through     |rds 
of  its   stroke. 
3  Blioke,  the  pica- 
ra  gradually  dimi- 
admitted  into  the 


inished  in  density 
ic  double  eccentric 
work  the  slide,  or 
I  for  cutting  off  or 
the  cylinder  at  an 
lat  which  is  deter- 
ide  alone,  tbe  en- 
,Tely,  and  tbe  gra- 
ing  the  stroke  be- 

mpleted  its  stroke, 
:eam  of  such  final 

the  return  of  tho 
waste-pipea.  To 
passages  demands 
pressure  or  rcsist- 


6  causes  of  change 
icb  stroke  of  tho 
ascertain  what  is 
Fig.  198.  the  mean  or  average  proeaure  throughout,  which 

may  he  reckoned  as  the  working  pressure,  or  tbe 
actualforceapplied  toeachpart  of  tbe  surJaceof  the  piston  to  move  it  against  the  resist- 
;o  of  the  machinery  on  which  it  acts. 
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The  indUatmr  ii  •  rimple  and  besutifiil  uutminent,  bf  which  thli  elenunt  of  ^-rer 

tn  be  aecertained  with  the  grmteat  >cca- 
ncy.    A  (Fig.  198)  is  t,  mull  cylinder  open 

i  top,  fitted  with  a  piston,  and  coramoni- 
cating  by  a  pipe  and  itop-coek  with  the 
npper  or  lower  part  of  the  main  cylinder, 
^nie  piiton  ia  preased  down  into  the  eylin- 
der  by  a  nicely  adjiuted  ipiral  ipiing,  aod 
a  penoil  B  U  fixed  to  the  piiton-rod.  C  is  a 
ToIlerroDiid  which  a  piece  of  paper  ii  woiind; 

n  the  axil  of  this  roller  ia  fitted  a  pnlloy 

),  connected  by  a  itring  vith  aome  of  the 
mcring  paiti  of  the  engine.  The  roller  ia 
also  fitted  with  a  spring,  like  the  raain-epriag  of  a  watch,  in  aocb  ■  manner  diat  after 
being  palled  nnmd  in  ime  dinctum  by  the  motion  of  tbe  engine  eommnnicated  through 
the  string,  it  !s  made  to  recoil  by  the  spring.  If  we  euppose  the  atop-cock  closed,  the 
piston,  being  pressed  on  by  tbe  spring  and  the  atmosphere,  willrenutin  at  the  bottom  of 
the  cylinder ;  and  tlie  pencil  being  atationary  at  its  lowest  point  £,  while  the  rollet  is 
made  to  rotate  backwards  and  forwards,  will  describe  a  line  on  the  paper  Kbich  would 
appear  sbaight  on  its  being  nnfolded  from  the  roller.  But  if,  while  tbe  roller  continnes 
its  motion,  the  rtop-cock  be  opened,  then  the  piston  will  bo  anbjeoted  to  the  pressure  of 
m  in  the  main  cylinder,  and  will  be  forced  npwards  in  opposition  to  the  pressure  of 
the  spring  and  of  the  atmosphere,  and  tbe  pencil  will  trace  a  line  on  the  paper  Tarying 
'leight  as  the  piston  rises  and  MU.  But,  farther,  if  the  spiral  spring  be  ao  adjusted 
that  we  know  exactly  how  many  pounds  will  compieaa  it  an  inch,  and  if  we  know  tbo 

irea  iif  the  piston,  we  can  exactly  measure  the  amount  of  pressure  on  it  by  the  height 

o  which  the  pencil  is  raised  abore  the  neutral  line  E,  where  it  remains  when  subjected 

o  no  upward  preasura.  And  thus  the  position  of  the  pencil  on  the  paper,  or  the  mark 
left  by  it  at  any  point,  fumislies  the  measure  of  the  pressure  on  the  niiun  piston  of  the 
engine  at  the  corresponding  point  of  its  stroke.  On  unfolding  the  paper  from  the  roller 
we  should  find  a  figure  (Fig.  199)  described  on  it  by  the  pencil,  whidi,  when  properly 
analyzed,  gives  us  the  means  of  reckoning  the  Taiying  preesuro  on  tho  piston,  and 
often  points  out  defects  in  some  of  the  adjustments,  and  sugj;ests  modes  of  remedying 

If  we  suppose  that  the  area  of  the  indicator-piston  is  I  square  inch,  and  that  the 
spring  is  adjusted  so  that  it  requires  a  force  of  10  lbs.  to  compress  it  1  inch  in  length, 

1  lb.  to  compress  it  ^Ih  of  an  inch,  we  can  form  a  scale  of  tenths  of  inches,  and  apply 
it  to  the  indicator  diagram  at  a  number  of  points  A,  B,C,&c.  (Fig,  200),  equally  distant, 

1  measure  ofi' the  lengths  of  ordinates  AL,  B  M,  &c.,  drawn  through  tliese  points,  and 
thus  estimate  the  pressures  acting  on  the  piston  of  the  indicator-cylinder  at  equidistant 
points  of  the  stroke  through  which  the  paper  is  made  to  travel.  These  pressures  corre- 
spond exactly  with  those  to  which  tbe  main  piston  of  the  engine  baa  been  subjected 
during  its  stroke,  because  the  small  cylinder  of  the  indicator  communicates  freely  with 
the  cylinder  of  the  engine.  If  ve  suppose  the  indicator  to  be  fixed  at  the  top  of  the 
cylinder,  the  upper  part  of  the  curve  a,  L,  M,  &e.,  fi,  Z,  is  that  traced  during  the 
descent  of  the  piston  when  the  steam  is  pressing  on  it.  The  lower  port  of  the  curve  Z  T, 
&o.,  S  0,  is  that  traced  during  the  ascent  ot  the  piston  when  the  steam  is  escaping  fro^i 
the  cylinder.    'Were  the  indicator  fixed  to  the  bottom  of  the  cylinder,  we  should  get 
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corieaponding  cnrrea  for  tlis  iteam-pnaBurBi  tiwre.    Geiurallj,  wbea  the  itide-gear  is 
properlf  tdjiuUd,  thcM  figurei  in  very  aetily  alike ;  and,  if  so,  the  upper  put  of  the 


curve  may  be  taken  as  tliat  traced  by  the  actiTe  prewuro  either  above  or  below  the  pit- 
ton,  while  the  lower  part  of  the  oorve  may  be  taken  »«  Kpreaenting  the  conesponding 
reaiitance  of  Bteam  during  ita  ^reas  from  the  cyliodei.  Now,  aa  the  total  height  C  N 
of  any  ordinate  meaaures  the  total  prestore  oa  one  aide  of  the  piiton  when  it  is  at  the 
point  of  its  (troke  <:orregponding:  to  C;  and  aa  the  part  C  U  of  the  aame  ordinate  repre- 
BCDta  the  reaisting  preaaure  on  the  piston  at  the  aame  point  of  ita  atn^ ;  the  difference 
17  N,  or  the  part  of  the  ordinate  intercepted  betveen  the  nppcr  end  lower  limb*  o£  Q 
curve,  measures  the  effective  preaeore  on  the  piatoo  clear  of  all  i^BistanceB.  The  aan 
applies  to  all  the  ordinatee ;  and  as  we  may  auppoae  the  whole  curved  space  made  np  ( 
numeroua  equal,  narrow,  vertical  strips,  each  meaauT«d  in  height  by  an  ordinate,  we 
reckon  the  are*  of  the  figure  contained  within  the  curve  as  an  eitpresaon  of  the  power 
developed  by  the  piaton  during  ita  stroke.  Or,  having  taken  a  considerable  number  of 
pressure  ordinatos  and  fonnd  the  average,  we  conaider  this  the  mean  ~ 
on  the  piston.  For  example,  the  average  of  those  msrked  in  the  figure,  found  by 
adding  them  into  one  snni,  and  dividing  it  by  their  numbiir,  ia  -=-  =:  20  lbs.,  the  m 
efiective  prcasun  on  every  square  inch  of  the  piston.  In  taking  the  average  in  this 
way,  the  most  correct  method  is  to  lake  the  first  end  last  ordinatee,  A  L  and  O-B,  at  a 
distance  &om  the  respective  enda  of  the  atroke  a  and  Z,  half  that  which  ae 
ordinates  generally,  A  B  or  B  C. 

If  we  suppose  tbo  engine  fi-om  which  this  figure  waa  taken  had  a  cylinder  12  inches 
In  diameter,  a  stroke  of  IS  inches,  end  that  the  crank  waa  making  80  revolntiona  per 
minute,  wo  con  readily  calculate  the  effbctiTe  power  of  the  engine  thus : — Each  n 
tion  of  the  crank  requires  an  np-ttroke  and  a  down-atroke  of  the  piston,  or  a  travel 
through  twice  15  inches,  viz.  2}  feet;  and  as  SO  revolutjons  are  made  per  minute,  the  pis- 
ton travels  orer  80  X  2}^  200  fM:  per  minute.  Agaiii,theareaof  thepiatonI2inchea 
diameter  ia  113  square  inches,  and  as  thii  is  pressed  on  with  an  average  load  of  20  tba. 
on  every  square  inch,  the  total  presaore  en  it  is  113  x  20  ^2260 lbs,    Wehavs,  there- 
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foie,226011u.mi>TedDTer200&atpeimiiLute,eq>UTaknttt>2!SO  X  200  =:  452000 Iba. 
mured  om  1  ibot  per  mmuto,  wluch  giTS  --^q.  =  13j  horae-poirer  nearly. 

TheoompleteTulefbrfinilmgUiepoweTiiuy  tliereforebe  thiurtfttcil: — Ueasuretlie 
ordmatea  (at  leaat  6  or  8  in  amnbar)  contaioed  witMu  the  indicator  figure,  sum  them 
up,  and  divide  bj  dteir  number  for  the  ineaa  presaun ;  multiply  the  area  of 
(in  aqnate  iachei)  by  the  mean  preuuro  (in  Iba.  per  square  inch)  by  twice  the  length  of 
stroke  {in  feet)  and  by  the  number  of  revolutiani  per  minute,  and  dirida  the  product  by 
33000  for  the  horw-poTer. 

SxampU. — On  the  indicator  being  applied  to  on  engine,  having  a  cylinder  30  inches 
iometer,  a  stroke  of  4  feet,  and  making  27  revolutiona  per  minute,  8  ordioatcs  of  the 
gun  vere  found  to'  be  respectlTcly  34,  31,  34,  33,  24,  18,  14,  and  0 :  required  the 
power  of  the  engine. 

Sum  of  8  ordinates  =  200,  which,  divided  by  thdr  number  8,  gives  25  lbs.  a 
lan  presrare. 

Area  of  cylinder,  30  ina.  diameter 
Multiply  by  moan  pressure 


Sumbei  of  revolutioiis       ....  27  per  minute. 

Divide  by          ....      33,000)  3,817,800 
Hone-power 115j  neacly. 

But  in  making  these  calculations,  it  most  not  be  forgotten  that  we  only  reckon  the 
force  with  which  the  piston  moves.  In  communieatiog  this  force  to  the  crank-ahait, 
and  thence  to  the  machinery  driven  by  the  engine,  there  are  losses  from  friction  and 
other  causes  for  whioh  some  allowance  must  be  tasdo.  The  piston  ruba  along  the 
surface  of  the  cylinder,  its  rod  rubs  through  the  stuffing-box ;  so  with  the  slide,  7 
end  of  the  piston-rod  rubs  on  the  guides,  which  save  it  from  yielding  to  the  oblique 
action  of  the  connectiug'-rod ;  the  eoanecting-rod  eyes  rub  on  their  pins,  the  crank- 
shaft rubs  in  its  bearings,  the  eccentric  and  its  rod  also  present  rubbing  surfaces,  the 
fly-whoel  encounters  considerable  resistance  of  sir  to  its  rotation,  and  the  feed-pump 
domaads  power  for  its  working.  Alt  these  resistances  vary  with  tJie  condiUons  of  tho 
rubbing  surfaces,  the  accuracy  or  inaccuracy  of  thoir  fitting,  their  elat«  of  lubricatiou, 
and  other  circumstances;  so  that  it  is  difficult  to  state  any  constant  deduction  tc  ~ 
made  from  the  calculated  power  on  account  of  them.  An  engine  in  a  very  good  st 
should  thus  waste  not  mora  than  ith  to  -^th  of  its  power,  while  one  in  a  bad  stats  □ 

aa  much  as  Jrd.  It  may  generally  be  fair  to  recion  the  loss  at  Jth  or  ith  of  th» 
calculated  power.  Thus,  in  the  example  given,  the  calculated  power  being  lloj,  w 
take  the  real  power  alxiut  90,  deducting  rather  more  than  ^th  far  losses. 

The  indicator  figure  is  not  only  a  measure  of  power,  it  is  also  a  picture  of  defoct 
and  may  often  furnish  useful  hints  as  to  the  proper  modo  of  improving  the  action  of  the 
engine.  If  AB  (Fig.  201]  represent  the  stroke,  F  K  a  line  drawn  at  a  distaace  A  F 
below  equal  to  15  lbs.,  and  if  we  suppose  steam  at  30  lbs.  above  atmospheric  praEsura 
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IB  admitted  to  tbe  cylinder  during  half  tlie  stroke,  then  «ndd<>nly  cut  o^  we  ctrair  A  C 
=:301bs.,  0  D  half  the  BtH>ke;tabeE  midway  in  PE,uid  flit  in  tbehTperbolic  CI 
DE.  Thamrill 
aiB  flgrure  A  C 
DEB  repre 
;  the  best 
possible  efiect 
that  conld  ho 
t  under  the 
COndihonB    gi 

for   tho   ^l 
Btnught  Ime  A 
CrcpreBentstbi 


lie 


10  Ibe.  above  it 
.t  the  begin- 
ning of  the 
Btrobe ;  the 
straight  lino  C 
D  repreeenta 
tJie       continu- 

:e  ofthat  pressure  during  half  tlieetroliei  the  curve  D  E  indicates  the  gradnal  redaction 
of  pressure  aa  the  Bteem  entloscd  in  the  cylinder  expands  to  fill  itj  increasing  capacity; 
l^e  point  E  midway  in  F  H  marks  the  pressure  at  tho  end  of  tho  stroke,  half  tliat  nt 
the  beginning  or  middle,  because  the  capacity  of  &e  cylinder  at  the  end  has  been 
doubled  while  the  quantity  of  steam  within  it  has  remained  conslsat.    The  straight 

I  E  B  marks  the  sudden  fall  of  tlio  final  pressure  to  that  of  tJie  atmospbere  when 
eiit  port  is  opened ;  and  the  atraight  line  B  A  rcpresenlg  the  constant  resistance  of 
the  atmosphere  to  tbe  issue  of  the  ateam  dunng  the  return  stroke  of  the  pistoo.  Such 
might  be  tlie  theoretical  figure.  The  practical  figure  inscribed  within  it  must  neces- 
sarily faJI  short  in  some  respects  of  Hiat  which  is  theoretically  perfect.  For  instance, 
at  the  beginning  of  the  stroke,  the  port  opening  not  suddenly,  bat  gradually,  produces 
a  curved  line  from  K  to  L,  tho  piston  having  travelled  some  distance  before  tlie  Aill 
pressure  ia  attained ;  the  gradual  closing  of  tiie  port  or  expansion  valve,  and  some  dimi- 

ion  of  pressure  from  the  cooling  of  the  steam,  or  &om  leakage  past  the  piston,  are 
indicated  by  the  inclined  line  L  M.    Tho  cooling  varies  the  expansion  curve  M  Q  from 

I  true  hyperbola,  and  the  gradual  opening  of  the  exit  port  causes  >  curved  turn  &om 

:o  N  instead  of  a  sudden  drop  E  B.  The  line  0  N  above  the  lino  of  atmospheric 
pressure  A  B,  indicates  some  additional  resistance  to  the  issue  of  the  steam  dependent 
n  limited  area,  or  bad  form  of  opening,  or  leakage  from  tbe  steam  side  of  the  piston, 
and  Ibo  turn  at  0  E  marks  the  gradual  closing  of  the  exit  port  atid  opening  of  the  inlet 
port  for  the  succeeding  stroke.  A  careful  analyria  of  a  flgnre  produced  by  an  engine 
not  working  salisfactoiily,  will  thus  point  out  cansee  of  loss,  and  suggest  means  of 
remedying  them,  by  widening  the  ports,  reodjosting  the  eccentric  and  slide,  clothing 
the  cylinder  to  prevent  cooling,  and  such  other  anangemenl^  as  may  be  found  advsn- 
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tagnnuL  In  the  haodi  of  m  experienoed  enginear,  indiotor  diagnuu  become  highlj 
luggective  of  merits  and  defect*,  (nd  often  ftiraiih  more  infomialion  u  to  tbe  eoonomiOAl 
woikuif  of  an  engine  or  the  revene,  tlun  continned  olMerratioa  of  iti  Btiucture  snl 
Botioo  oould  lapply. 

In  estimatiiig  tlie  povcr  of  a  non'Oondenaing  engine  irithaut  reference  to  iti  indi- 
(latoT  fifure,  we  may  generaUj  make  h  very  near  approximation  to  the  truth  b;  the 
following  mode  of  reckoning.  We  auumc  the  eagine  to  he  in  fair  working  order,  and 
fitted  vilh  tn  ordiuur  alide,  cutting  off  the  rtcam  at  about  frds  of  the  stroke ;  tluit  the 
eteam-pipe  ianot  of  great  length,  and  well  clothed  with  non-conducting  material;  that 
the  porta  are  well  proportioned,  and  the  piHon  and  elide  tigjit  TVe  farther  suppose  the 
piston  to  tiavel  at  the  velocitj  of  200  feet  per  minute,  which  il  fouod  to  lie  practically 
a  &lr  working  rate ;  and  that  a  horse-power  to  be  effectiTe,'Bfter  all  allowancei  for  fric- 
tion, &e.,  should  be  eatimated  at  44,000  lbs.  moved  I  foot  per  nunute,  or  220  Iba.  mored 
200  feet  per  minute.  'We  obserre  the  pressure  in  the  boiler,  and  deduct  tttan  it  ;lh  for 
loss  by  cooling  in  the  ateam-pipe  and  expansion  in  the  orlinder,  and  2  lbs.  for  resistance 
to  exit  and  other  losses,  the  remainder  being  reckoned  as  the  mean  effectire  pressure. 
Multiplying  this  by  the  tiea  of  the  piston,  and  dividing  by  220,  we  get  s  &ir  estimate 
of  the  power. 

Example. — An  engine  having  a  cylinder  30  inches  in  diameter,  ia  worked  at  a.  pres- 
iro  of  36  lbs.  in  the  boiler :  required  its  power. 

From  pressure  in  boilts 36  lbs. 

Deduct  one-fourth It  lbs. 

And 2  lbs. H  „ 

Hean  effective  preatore ^  n 

Multiply  by  are*  of  30  inches 707 

Divideby 220)17675 

Horse-power 80 

In  general  it  is  the  buainesa  of  eng^een  to  provide  engines  of  certain  powers  with< 
out  special  reference  to  the  pieesure  at  which  they  should  be  worked.  By  employing 
very  high  pressures,  the  size,  weight,  and  coat  of  an  engine  ere  certainly  reduced ;  but, 
on  the  other  hand,  some  danger  is  incurred,  and  fhe  tear  and  wear  la  coneidorable.  Bj 
using  very  low  pressurce,  again,  tie  cylinder  neccBsarily  becomes  large,  the  engine 
generally  cumbrous  and  heavy,  and  little  advantage  can  be  taken  of  the  expansive  power 
he  steam,  'We  consider  ft  boilerpressureof40to£0  lbs.  to  be  afair  average  on  which 
,  toeatimatB  the  engine-power ;  and  would  niggeat  the  following  rules  for  calculating  the 
power  of  a  given  engine,  and  the  diameter  of  cylinder  necessary  to  produce  a  g^ven 

1.  To  find  the  power  of  an  engine  when  the  diameter  of  the  cylinder  is  given. 
Rule, — Divide  the  diameter  (in  inches)  by  3,  and  square  it  fur  the  horac-pawer. 
Example. — Bequired  the  power  of  an  engino  having  a  cylinder  16  inches  in  diameter. 

—  ^  6,  and  5  X  5  :=  2G  horae-powcr. 
3.  To  find  the  dinmcter  of  cylinder  necessary  for  a  given  power, 
JZu&.— Multiply  tho  aqusre  root  of  the  power  by  3 ;  the  product  is  tho  diameter  of 
the  cylinder  in  inchea. 
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fnxNpfe.— Whit  ahould  be  the  diameter  of  ■  cylinder  for  100  hoT«»-pow«r  i 
Square  root  of  100  =:  10,  and  3  X  10  =  30  inchee. 

The  lengdi  of  itroke  mnet  depend  on  Qte  number  of  revolutioni  made  by  the  orank 
1  a  given  time.     It  is  conveiiient  to  auume  that  the  piston,  in  et^jnes  going  at 
ATenge  «peed,  (halt  travel  orer  200  feet  per  minute.     StMnetiinea  it  morea  at  ti 
of  250,  and  eren  aa  much  aa  300  feet  per  minute ;  but,  upon  the  whole,  200  ii  i 

'.ent  and  economical  ipeed.  This  ia  the  product  at  trice  the  stroke  by  the  number 
of  revDlutioiu ;  and  hence  its  half,  100,  is  tiie  product  of  the  stroke  by  the  number  of 
revolutions.  If,  then,  either  the  length  of  stroke  or  the  numbtt  of  rerolutiona  be  given, 
the  other  may  readily  be  thus  found : — 

1.  Griven  the  length  of  stroke  to  find  the  speed. 

Suit. — Divid«  100  by  the  stndca  (in  fset),  the  quotiout  i>  the  number  of  revolutions 
per  minute. 

BxaaipU. — What  is  the  speed  of  an  engine  having  2  ft  6  ins.  itroke) 

jj^=  40  rovolufons  per  minute. 

2.  Qiven  the  speed  to  find  the  stroke. 

Riit, — Divide  100  by  the  number  of  revolutions  per  minute,  the  quotient  is  the 
length  of  stroke  in  feet. 

Ex<mpU. — mat  must  be  the  stroke  of  an  engine  making  3fi  revolul 
-jT- =  2-S7  leet,  or  about  2  ft.  7  ins. 

The  dimensions  of  the  steam  paaaagea  should  be  proporfjoned  to  the  area  of  the 
cylinder ;  for  while  the  piston  travels  at  its  quickest  speed,  incroasing  nipidly  the  space 
to  be  filled  with  steam,  the  paaaagea  should  admit  the  steam  with  sufficient  velocity  to 
sustain  the  preaanie  on  the  retreating  piston.  It  is  found,  practically,  that  the  area  of 
the  steam-pipe  may  be  advantegeously  n'tth  of  tbat  of  the  cylinder,  or  the  diameter 
of  the  one  Jth  of  that  of  the  other.  Thus,  for  an  engine  having  a  cylinder  30  in 
diameter,  the  ileam-pipc  should  be  fi  ins.  diameter.  When  it  is  intended  that  the  piston 
ahould  travel  more  rapidly  than  the  average  rate  of  200  feet  per  minute,  the  steam- 
jiipc  should  be  proportionally  large.  In  such  cases,  its  diameter  may  be  advantageauely 
reckoned  at  ith  of  the  diameter  of  the  cylinder.  The  ports  which  admit  the 
the  cylinder  should  alirays  present  an  area  of  pass^e  conuderably  greater  tl 
the  stesm-plpe,  for  during  a  great  part  of  every  atroke  Aej  are  partially  closed  by  the 
slide.  The  eihaust-pipc,  which  conveys  the  steam  trma  the  cylinder,  ahould  be  larger 
than  tho  steam-pipe ;  for  the  waale  atcam  should  be  permitted  to  become  rapidly  ei 
panded  in  volume,  in  order  that  ita  back  prenure  on  the  piattm  may  be  diminished  & 
much  aa  possible. 

The  lOEe  of  the  feed-pump  ahould  always  be  greatly  in  eiceaa  of  that  which  is  abso- 
lutely required  for  supfjying  the  amount  of  water  boiled  off  in  steam  for  the  e  ^ 
Occasionally,  the  valvee  of  the  pump  leak,  there  rosy  be  leaks  in  the  boiler,  some  of  the 
water  may  pass  over  in  priming,  and  a  good  deal  may  be  waated  in  blowing  off  TTie 
pump  should,  therefore,  be  capable  of  supplying  at  leaat  3  timca  as  much  water  as  ia 
actually  due  to  the  ateom  supplied  to  the  cylinder.  The  pump  ia  generally  arranged  lo 
Be  to  make  one  strt^e  for  each  revolution  of  the  engine,  or  each  double  stroke  of  tl 
piston.  If,  then,  we  take  a  case  where  the  diameter  of  the  cylinder  is  30  inchea,  the 
stroke  4  feet,  and  the  average  pressure  30  lbs.  above  that  of  the  atmosphere — that  is 
say,  the  steam  at  3  atmospheres — we  find  that,  during  each  revolution,  the  ojlindertwico 
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filled  witli  Bteaia  umi  a  volume  of  abont  68,000  cubic  inohei.  fiteom  at  1  atmocphi 
of  pressure  being  about  1600  timn  tlie  ToIoBieof  water,  its  Tolmne  at  3  atmospLem 
j|nl  of  that,  or  aboat  633  timea  tLat  of  witer.  The  vater  necessary  to  geDetat«  6H,000 
cubic  inchea  of  itcam  at  30  lbs.  preasure,  tlurefon,  amcontsto  12S  cubic  inchea;  and  a: 
the  feed-pmnp  ahould  be  capable  of  aupptying  thrico  this  quautit}',  it  most  deliver  a 
each  stroke  384  cubic  inchea.  Should  ire  make  the  stroke  of  the  pump  2  feet,  half  that 
of  the  piston,  its  area  ranst  be  ■—  :=  16  square  inches,  or  its  dismeter  *J  inches. 

As  a  general  rule  for  the  dimensions  of  the  feed-pump  in  non-oondenaing  engines, 
wo  may  offer  the  following : — 

Multiply  the  square  of  the  diameter  of  Qm  cylinder  (in  inchea)  by  the  length  of 
stroke  (in  feet),  divide  by  90,  and  the  quotient  is  the  product  of  the  square  of  tbe 
diameter  (io  inches)  of  the  pump,  by  its  length  of  strobe  (in  feet). 

Exatnplt. — Required  the  size  of  the  feed-pnmp  fbr  an  oti^e  baving  a  cylindei' 
30  inchea  diameter  and  a  stroke  of  4  feet. 

— — gu ^  40,  the  product  of  diameter  squared  by  stroke.    If  wo  take  the 

stroke  of  the  pump  2  feet,  then  -^  ^  20  is  the  square  of  tho  diameter,  or  the  diameter 
la  about  4^  inches,  because  4}  X  4}  X  2  =  40  neariy. 

Many  treatises  on  the  steam-engine  give  rules  for  tiie  dimenuona  of  all  the  p> 
cipal  parts  of  an  eugiue.  We  think,  however,  that  these  rules  arc  not  in  numy  el 
practically  available,  becaose  a  difference  in  general  design  and  arrangement,  or 
average  pressure  and  speed,  occaaiona  very  considerable  variations  iu  the  proportions  of 
the  parts.  Careful  study  of  well-made  engines,  and  actual  experience  in  their  con- 
stiuation  and  woibing,  form  the  true  sources  of  infonnatioa  as  to  their  due  proportions. 
The  Gmdftwng  Engine  in  all  main  points  resembles  the  non-coudcDsing^  engine  \  hut 
it  requires  some  additioual  parts  in  order  that  the  vacuum  produced  by  condensing  the 
team  nay  be  employed  as  a  source  of  additional  power.  If  we  suppose  that  tbe  steam 
in  leaving  tbe  bottom  of  the  cylinder,  instead  of  flowing  out  into  the  atmosphere,  which 
resists  its  egress  with  a  pressure  of  19  lbs.  per  square  inch,  were  oonducted  into  a  vessel 
totally  void  of  air  or  steam,  thia  resisting  force  would  be  entirely  removed,  and  tbti 
effect  of  the  steam  pressing  on  tbe  upper  side  of  the  piston  would  bo  increased  by  that 
quantity.  If  the  vacuum  in  the  vessel  were  not  perfect — that  is  to  say,  if  them  w 
contained  in  it  some  rare  fiuid,  aucb  as  air  or  steam,  or  a  mixture  of  both,  greatly 
attenuated,  and  capable  of  pressing  with  a  force  of  only  2  or  3  lbs.  on  tbe  square  inch — 
the  preaeure  of  the  steam  on  the  piston  would  be  increaaed  by  a  quantity  2  or  3  lbs.  less 
than  Ifi  Iba.  per  square  inch.  Generally,  if  we  reckon  the  pressure  of  steam  in  the 
boiler  as  its  absolute  pressure,  not  its  excess  over  the  atmosphere,  and  deduct  the  pres- 
sure of  fluid  in  the  vacuum  vessel,  the  difference  will  be  iae  efiective  pressure  on  the 
piston.  Thus,  witb  steam  in  tbe  cylinder  exerting  a  prcaaure  of  10  lbs.  above  that  of  the 
atmosphere,  or  having  an  absolute  pressure  of  26  lbs.  per  square  inch,  while  the  vacnun 
Tessel  contains  a  fluid  pressing  with  a  force  of  2  lbs.  per  square  inch,  the  effective  pres 
sure  ou  the  piston  is  26  —  2  ^  23  lbs.  per  square  iniji.  Tbe  condition  of  the  fluid  ii 
tb.&  vacuum-vessel  as  to  pressure  is  generally  measured  by  a  barometer. 

Tbe  upper  part  of  the  vessel  A  (Fig.  202)  is  connected  with  a,  glass  tube  G,  about  3i 
inches  long,  dipping  into  a  oup  of  mercury  B.  Wei«  the  space  in  A  an  absolute 
vacuum,  the  atmospberio  pressure  on  tbe  surface  of  the  mercury  in  the  cup  would  force 
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the  menmry  up  the  tabe  to  the  height  of  ahoat  30  inohea,  because  a  cohmm  of  mereary 

30  inobet  in  height  prenei  with  a  force  of  16  Ibi  .._... 

tained  fiuid  pnoiiig  vith  2  lbs.  pet  Bqnare  inch,  the 

mercmy  irould  attain  a  height  of  rally  26  inches ; 

becaoae  the  premuie  of  a  column  20  inches  high  is 

ISlbt.,  and  the  additional'  2  lbs.  of  finid  preamre  m*ke 

op  16  Ibi.,  the  atmoipherio  preiunire. 

If,  then,  ire  know  the  preBsuie  of  iteiua  in  the 
cylinder  (above  that  of  tlie  atmoapheie),  and  the 
h«i^t  of  the  mercmial  ccdunin  in  the  barometer,  we 
flad  the  efiMa.Te  pressure  on  the  piston  by  adding  the 
■team  pttMore  to  half  the  height  (in  inches)  of  the 

It  ia  ranurkable  that  some  of  the  earlleit  efforts 
made  fin  obtaining  power  liom  steaia  wero  directed 
to  the  GMMtmetion  of  appsistus  in  which  its  condens* 
ation,  as  well  a*  its  elasticity,  should  afford  the  force 
required.     At  flie  end  of   the  17th  oentory.   Cup-  Fig.  KB. 

tain  Thomas  Sarery  sncceeded  in  constructing  an  engine  for  raidog  water  by  means  of 
steam.  A  Tsssel  A  (Fig.  203]  connected  by  a  steam-pipe  and  cock  B  with  a  suitable 
boiler,  rnmrnnninated  with  a  Tertical  water-pipe  C,  in  wWch  were  fitted  two  Talres  D 
and  E  (^>ening  upwards.  Steam  being 
admitted  into  A  fenced  out  the  air  eon- 
tinned  in  it  by  the  upper  put  of  the 
water-pipe,  and  occupied  its  place.  The 
steam-cock  B  being  closed,  and  a  stream 
of  oold  water  made  to  poor  over  A,  the 
steam  within  it  become  condensed,  and 
fbrmed  a  partial  racunm ;  the  pressure 
of  the  atmosphere  acting  on  the  water 
at  the  bottom  of  C,  forced  it  up  the  pipe 
throi^  the  ralve  D  atid  Into  A,  so  as  to 
fill  the  void  ^ace.  The  <teua-ooolc 
being  again  opened,  the  presBure  of 
steam  on  the  walerinAfoTced  it  through 
the  Talve  E  and  np  the  pipe.  The  vessel 
A  was  thns  succesuvely  fiUed  and  emptied 
by  the  alternate  closing  and  q>eiung  of 
the  stesm-cock,  and  &e  water  raised 
throngh  the  height  of  the  pipe  C 

A   few   years   afterwards,   Thomas 
Newcomen  applied  steam  to  giro  motiim 
to  a  piston  in  a  cylinder.    The  cylinder 
A  (Fig.  204),  commonicatcd  by  a  pipe 
gig.  103.  and  cock  B  with  a  boiler  generating 

steam  at  low  (or  nearly  atmospheric)  pressure,  A  piston  C,  fitting  the  cylinder,  was 
connected  ^  a  ohaiD  with  cme  end  of  a  beam  or  lever  D,  to  the  other  end  of  which 
E  was  attached  a  pump-rod  with  a  heavy  weight  F.     The  ends  of  the  beam  mro 


HICHAHtCAL  PH1LOI0PHY.-Me.  XV. 


'-..gk- 


4IS 


REWCOMEX'a  ZHaiXE. 


iiade  aici  of  ciiclcK,  u  tlut  while  &e  cbaim  vera  woimd  on  them  or  unwovitd  fiim 
licm,  the  petoa  uid  pump-Tod  night  more  in  ttnight  lines.    Stc«m  heing  ^^l■n^^to^^ 

into  th*  oylindor 
below  th«  ^atui, 


the  pirton,  and  &e  atmospheric  pntnue  fbrced  it  down  to  tlie  bottom,  r«i«ing  the 
vnght  F.  Hie  vrater-eoolc  being  now  oloted,  and  -the  steam-cock  opened,  the  aecent  of 
the  piston  was  rapeated. 

Hnmerous  inrentors  contributed  to  the  improvemeat  of  Newoomen's  ei^ine,  and 
sbont  file  beginning  of  the  ISth  centnr^  it  had  become  a  practically  useful,  but  not 
comoiiucftt  appantns  for  pumping.  The  principal  objection  to  the  use  of  this,  as  well  as 
of  Saver^'a  engine,  conueled  in  the  oinnimstance  that  the  alternated  flow  of  cold  water 
into  the  steam-cylinder  cooled  it  down  and  greatly  diminished  the  force  of  tube  steimi  as 
it  entered,  a  great  poition  of  its  heat  being  ineffectively  expended  mx  the  cold  metal  of 
the  cylinder.  It  was  leseired  for  the  illustrioue  Jamei  Watt,  shortly  after  the  middle 
nf  last  century,  to  introdiice  those  improvements  in  the  arrangement  and  cenatruction  of 
the  steam-engine,  which  have  rendered  it  the  meet  useful  and  ecoDomioal  of  all  known 
souioes  of  power.  His  principal  improrement  on  Newc<niien'B  engine  was  the  use  of  a 
Eopatate  vessel  for  condensing  the  steam,  with  an  air-pump  for  removing  the  water  of 
condensation  and  the  air  liberated  &om  the  water.  But  Ins  ingenolty  was  likewise 
devoted  to  the  improvement  of  every  detail  of  arrangement  and  constniction ;  and. 
Laving  found  the  steam-engine  in  many  respects  rude,  ineffective,  and  costly  in  its 
working,  he  left  it  an  apparatoi  as  nearly  perfect  as  any  human  work  can  be.  Since 
his  time,  changes  have  been  made  in  the  arrangements  of  the  parts  to  suit  peculiar  cir- 
cumstances of  operation,  and  new  forms  have  been  devised  for  partjcular  purposes ;  but  in 
all  their  leading  featm^s,  the  steam-engines  of  the  present  day  are  essentially  the  products 
of  WatfafertQegeniiiS.  The  condensing  engine,  as  improved  by  Watt,  is  of  two  kinds  : — 

SingU-actaig,  where  the  steam  is  pennitted  to  press  on  oue  side  of  the  piston  only, 
so  as  to  cause  it  to  make  a  single  stroke ;  the  return  stroke  being  effected  by  a  coBnter- 
balance  wdght. 
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DatMe-atHiiff,  wbere  thegteampreaseialternstaly  oneachmdeof  thepi«tiM,uiiIitH 
rei^rocating  movement  is  converted  by  a  crank  into  rotary  motiim. 

Tin  un^e-aeting  engine  is  well  suited  for  such  itn  operation  as  pumping,  where  tbe 
reciprocating  movement  of  the  pomp-bucket  correaponds  with  that  of  the  piston.  The 
double-acting  engine,  again,  is  [idi4>t«d  for  driving  machinery.  In  both  tliesa  kinds  of 
ci^ine,  where  the  steam  ia  condensed,  there  are  required  a  coodeuser  and  an  ui-pump, 
which  we  will  now  deaeribe. 

The  eondeoser  is  a  vessel  B  (Fig.  20fi),  generally  made  of  about  Jth  of  the  capacity 
of  the  steam-cylinder,  with  which  it  communicates  by  the  pipe  D.  The  steam,  after 
acting  on  the  pis- 
ton, instead  of 
escaping  into  the 


engines,  flows  by 
thia  pipe  into  the 
condenser,    which 


cock,  I,  for  the  ad- 
aion  of  a  jet  of 
cold  water  to  cen- 
se the  eteam. 
This  jet  ia  called 
the  mjeclion,  and 
its  quantity  ia  ic- 
gulatod  by  means 
of  the  oocl^  worked 

by  ft  tod  passing  upwards,  with  a  handle  in  some  place' convenient  for  tho  atten- 
dant. The  bottom  of  the  condenser  communicates  by  a  passage,  fitted  with  a  valve  Q, 
with  the  air-pump  A.  The  bucket  or  piston  P  of  the  air-pump  is  fitted  with  valves 
opening  upwards,  and  is  moved  upwards  and  downwards  by  a  rod  connected  with  s< 
part  of  the  engine,  and  pasring  through  a  stufBng-boz  in  the  air-pump  cover.  Near 
top  of  the  air-pump  there  is  a  passage  Q,  fitted  with  a  discharge  valve  opening  into 
hot-wtR  K,  from  which  tho  feed-water  ia  pnmped  to  the  boiler,  the  overplus  or  wi 
being  discharged  by  a  waate-pipe.    The  cistern  in  which  the  condenser  and  air-pump 

e  placed  is  kept  constantly  filled  with  cold  water  by  a  pump  called  the  cold-iv/iUr 
pomp,  supplying  it  by  a  pipe  K  at  the  bottom,  white  the  heated  water  orerfiows  by  a 
suitable  waate-pipe.  White  tho  steam  from  tho  cylinder  flows  into  the  cold  condenaer, 
and  meets  the  cold  water  diffused  tbrough  it  by  the  injection  jet,  it  becomes  condensed 
into  water,  and  falls  with  the  injection- water  to  the  bottom,  oecnpying  very  litde  volume 

mpared  with  that  which  it  occupied  while  in  the  state  of  steam,  and  leaving  the  space 
of  the  condenser  a  partial  vacuum.  But  water  always  contains  a  quantity  of  air 
mingled  with  it,  which  passes  over  with  the  steam  from  the  boiler  to  tho  cylinder,  and 
thence  to  the  condenser,  and  the  injection-woler  also  parts  with  a  portion  of  the  air  it 
contains,  so  that  after  a  time  the  condenser  would  txtcome  filled  with  the  air  so  liberated, 
and  the  water  of  injection  and  condensation,  unless  means  were  taken  to  remove  thetn. 
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At  tlie  ur-pump  backet  deacends,  the  disctuii^-rilTe  Q  being  closed,  prGvents  any  si 
>T  water  from  entering  l^io  spoue  left  b;  the  deuent  of  tlie  bucket ;  but  when  it  boa 
re««hed  the  bottom  uid  b«giiu  to  uaeni,  the  bottom-TalTe  E,  tmi  the  bucket-vahee  F 
permit  the  ait  uid  water  from  tbo  condciuar  to  flow  into  this  tfaee.  On  the  ucent  of 
the  bucket,  the  backet-valvea  P  are  cloied  by  the  prewnre  of  aii  and  water  above  then, 
and  die  contents  of  tlie  pump  are  diecbuged  through  the  Talvea  Q,  into  the  hot-well. 
Thus  bj  the  alternate  descent  and  ascent  of  the  air-pump  bucket,  when  its  capacity  and 
the  amount  of  injection  are  properly  proportioned,  almost  a  perfect  Tacnum  is  main- 
tained in  the  condenser ;  and  the  eSective  pressure  of  the  steam  on  every  square  inch  of 
the  piston  is  increased  by  neatly  IS  lbs.  above  that  which  it  wonid  be  were  the  stean 
permitted  to  escape  uncondensed  into  the  atmosphere. 

The  condenser  is  generally  fitted  with  a  thw-mltn  H,  which  comes  into  play  oi 
starting  the  engine  thus.  The  engine  having  been  stopped,  the  condenser  andaii-'pomp 
may  have  become  quite  filled  with  water  through  the  injection-cock;  and  on  starting 
'le  engine  again,  no  vacuum  could  be  produced  while  they  are  thus  tcaitr-logj/td.  But 
by  opening  a  small  valve  called  the  blow-lhrevgh  voAt^  a  communicatiDti  ia  made 
between  the  steam-pipo  from  the  boiler,  and  the  eduction-pipe  leading  from  the  cylinder 
M  the  condenser.  The  presauro  of  the  sleam  in  the  boiler  is  thus  brought  to  bear  on 
the  water  in  the  condenser,  and  forces  it  out  by  the  How-valpe  H,  the  steam  occupying 
its  place.  On  shutting  the  blow-thiough  valve  and  opening  the  injectioD-rcock,  the 
steam  in  the  condenser  is  condensed  and  a  vacuum  fonned,  so  that  the  engine  may  be 
started.  As  long  as  there  is  even  a  partial  vacuum  in  the  condenser,  the  atmospheric 
pressure  on  the  blow-valve  keeps  it  closed. 

The  bottom-vslve,  bucket -valves,  and  discharge -valves  of  the  air-pump,  arc 
frequently  made  of  vulcanised  caoutehouc  sheet,  cut  into  discs  and  laid  over  gratings. 
Water  or  air  forced  through  the  perforations  in  the  gratings,  raise  the  flexible  disc<  of 
caontchouc,  and  pass  round  their  edges;  but  neither  air  nor  water  can  return,  for  the 
atmospheric  pressure  forces  the  caoulchonc  discs  flnnly  down  on  the  gratings, 
thereby  efiectually  closes  their  openings. 

.  It  is  a  peculiar  property  of  all  vapours,  that,  besides  their  sensible  heat,  or  the 
temperature  to  which  they  raise  the  thermometer,  they  contain  a  great  amount  of  latent 
beat,  not  measured  by  the  theimometer,  but  by  it<  effect  when  the  condition  of  the 
vapour  is  changed-    The  latent  heat  of  steam,  when  ite  temperature  or  sensible  heat  is 

",  is  estimated  to  be  nboat  1000°.    This  does  not  mean  that  the  latent  heat  could 

e  a  thermometer  1000°,  but  dmplythat  a  pound  of  steam  at  212°being  condensed  by 

mixture  with  1000  lbs.  of  water  at  any  temperature,  such  as  60°,  could  raise  11 
temperature  of  the  whole  mass  of  water  1°.  In  other  words,  if  it  were  found  that  the 
combustion  of  a  certain  weight  of  fuel  could  raise  the  temperature  of  a  given  mat 

CT  fcom  211°to  212°,  it  would  require  1000  times  that  quantity  of  fuel  to  con 
the  water  into  steam,  having  still  the  sensible  temperatui«  i^  SIS',  This  great  latent 
heat  is  something  essential  to  the  condition  of  water  in  a  stete  of  vapour,  for  as  soon  ai 
any  portion  of  it  is  removed  by  bringing  the  steam  into  contact  with  a  cold  substance, 
a  part  of  the  steam  ia  immediately  condensed  into  water ,  and  the  remainder  expanding 
to  fill  the  space  thus  left  void,  loses  density  and  pressure  as  it  gains  volume.  In  esti- 
mating the  quantity  of  injection- water  necessary  for  condensing  the  steam  of  an  engine, 
we  must  therefore  bear  in  mind  that  it  is  not  alone  the  sensible  temperature,  but  also 
the  latent  heat  ot  the  steam  which  we  hare  to  absorb  by  the  cold  water  injected.     Let 

isanme  that  1  cubic  foot  of  water,  having  been  converted  into  steam  in  the  boiler. 
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and  having  acted  on  the  pUton  in  the  cflmdin-,  Bows  into  the  coaienaer  at » tempera- 
re  of  212°,  and  contniniog  1000°  of  latent  heat,  and  that  it  there  nungles  with  >  quan- 
tity of  water  at  62°  sufficient  to  condense  it  and  produce  an  ultimate  temperature  of 
112°  throughout  the  mixture.  The  total  beat  of  the  steam  heing  1212°,  baa  to  be 
reduced  to  112° — that  is,  the  steam  has  to  lose  1100°  of  temperature ;  the  injectioD 
water  entering  at  62'  and  being  raised  to  HIT  has  to  gain  50°.  The  quantity  of  injee- 
n-watfir  must  theratbre  be  22  cable  feet,  for  22  cubic  feet  raised  A0°  are  eijuiTaleot  to 
1  cubic  foot  reduced  1100°,  becau«e  22  X  £0  =  1100. 

The  temperatures  we  hare  assumed  are  such  as  would  frequently  occur  in  prac- 
ioe ;  and  generaUy  it  will  be  found  that  the  quantity  of  injection-water  required  for 
n  engine  is  (com  16  to  26  times  the  quantity  required  for  feed. 

The  capacity  of  the  air-piimp  is  generaUy  Jth  of  that  of  the  cylinder,  the  aln^e 
being  usually  |,  and  llie  diameter  ^  that  of  the  cylinder.  The  power  necessary  ta  woA 
the  air-pump  of  a  condensing  engine  i*  about  ^th  of  the  total  power. 

The  indicator  applied  to  a  condeiULag-engiae  produces  a  ^ure  similar  to  thoie  we 
hare  already  discussed.  But  as  during  one  stroke  of  the  piston  the  communication  to 
the  condenser  is  open,  the  pencil  traces  a  tine  below  that  of  alinoapheric  pressure. 
Thug  if  A  (Fig.  206)  be  the  line  of  atmoqiherio  pressure,  another  line  B,  drown  at  the 

isure  of  15  lbs.  below  A,  would  bo  the  line  of  absolute  vacuum,  or  of  no  pressure. 
The  lower  limb  of  the 
figure    would     mora 
nearly  approach  this 

,  the  more  perfect 
Tacnum  in  the 
condenser.  The  area 
of  the  figure  represents 
the  power  during  a 
stroke ;  and  the  mean 

ctive  pressure  ia 
found  by  taTfi'"g  the 
average  of  the  lengths 

drawn     within      the 
figure  as  before. 

Ifon  -  condenung 
enginM  are  generally  of  the  form  called  btam-ingina.    The  piston-rod  does  not  act 
directly  on  the  crank  in  the  case  of  the  double-acting  engine,  nor  oa  the  pump  in  the 

e  <^  the  single- actdng  engine,  but  on  one  end  of  a  lever  or  beam,  working  on 
central  bearings,  from  the  other  end  of  which  die  crank  or  pump  is  woHted  by  a 
connecting-rod.  By  jointed  rods  connected  with  pins  on  the  beam,  the  air-pump  is 
woAed  with  half  the  stroke  of  the  piston  j  the  feed-pump  and  the  cold-water  pump  are 
aim  woiked  with  their  proper  strokes.    As  the  piston-rod,  aud  also  the  air-pump  red, 

M  throuf h  stufBng-bozes  in  the  cylinder  and  air-pump  covera  respectively,  and  must 
thMflfore  move  in  sttwgit  lines,  while  the  parts  of  ihe  beam  to  which  they  are 
uected  vibrote  in  circular  arcs,  some  arrangement  is  required  fat  controlling  the  m 
of  the  rods  so  that  it  ahall  not  partake  of  the  circular  vibration.  This  could  be  eS 
by  making  them  alida  bettreeo  teotilineal  goidea,  but  not  without  consideiable  fiictiim 
and  some  difficulty  in  ammnng  the  goideB  In  a  auitable  manner.    We  are  indebted  to 
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f  i'<fa^"e  tbii  object  hj  tha  apgazttva  tailed 


Watt  Ibr  k  rimple  and  ek^ant  i 
Om  parallel  motitm. 

If  A  D[  and  B  C,  (Fig.  207}  be  two  eqaol  lereEn  Tibntiiig  in  dreular  an*  D,  D  D„ 
Ct  C  C|  nspec^Tely,  tbeir  extremitiei  being  oonnectad  hj  a  rod  D,  Cu  it  vill  be  finmd 
that  E,  tlie  middle  point  of  tbii 
rod,  moTM  ittna  Ei  to  £,  in  a  line 
which  is  Tery  nearly  rtrai^t. 
Again,  if  F  O,  cme  of  these  lerera, 
be  laidonged  to  H  so  aa  to  be  double 
3  length,  and  a  parallelogram 
6  H  M  L  be  fbimed  of  jointed 
lodaao  thatF  EandLarealwaya 
in  ane  Btfaia^  \iw,  Uhen  X  b^ng 
controlled  so  aa  to  more  in  a 
abai^t  line  or  nearly  ao,  L  will 
alaomoTe  in  neatly  a  Mtaight  line. 
Applying    QoB   principle   to   the 

n  of  an  engine,  K  ia  llie  pmnt 
to  which  the  air-pump  rod  ia  con- 
nected, and  L  thai  to  which  tho 
piston-rod  u  coonectcd ;  Q  U  and 
E  L  are  called  parallel  anlioa 
linii,  and  H  !f,  Uio  mbaidiary' 
lever  which  controU  the  movement 
of  K,  ia  called  the  ratHtu  rtd. 
In  the  caae  of  dngte-ecting  en- 
gines, where  tho  end  of  the  bean 
opposite  to  that  worked  by  tlie 
piston  worhs  a  pump,  a  parallel 
motion  i«  also  fitted  there  to  give 
ectilineal  motion  to  the  pomp- 

Iq  marino  enpnea,  where  it  is 

rable  to  keep  the  weight  aa 
low  es  possible,  the  arrangement  of 
beam  is  di^rent.    Instead  of  one 

m  above  the  cylinder  and  crank, 

I  beams  are  fitted  below,  one  on 
each  side  of  the  cylinder,  and  tha  ««■  SW- 

paiallel  motion  employed  in  that 

ease  is  aomewbat  di£K;rent  Irom  that  which  we  have  deacribed,  although  the  prinoipleB 
embodied  aro  very  similar. 

The  alternate  movements  of  the  steam  to  and  from  the  oppotiteenda  of  the  cylinder 
re  efll^cted  in  condensing  engines  in  the  same  manner  as  mm-oondenaiag  engines,  by  a 
sUde  wwked  by  an  eccentric,  or  by  valves  worked  by  cams.  In  aangle-acting  engines 
valvea  an  genioslly  employed,  and  they  are  worked  by  levwa  atrack  by  pina  or  ts^pets 
Oxed  to  the  air-pump  rod,  as  it  aacenda  and  descends  along  with  the  piston. 

The  single-acting  beam-engine  is  almoat  exclosiTdy  employed  for 
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fbrm  of  eogine  moat  oonunonlf  tued  tbr  this  purpow  is  what  it  called  the  CoTntBh 
engine,  beouue  at  the  mine*  Id  ComirBU  these  snginea  hsTs  been  employed  with  gru»t 
eoonomy  and  cfflBiency  foe  draining  to  great  deptlu. 

~lieitaamu  admitted  abore  the  pieton  at  causidetablepteesnre,  and  the  enpplj  is  citt 
offndiea  tb«pUtanhaipBTft>nnedasmallpart  of  itsdoini-itroke,  bo  that  the  i«et  of  ltd 
■tioke  is  effected  by  the  expaonan  of  the  iteam.  When  the  [ustan  lias  Teached  die  bottom 
of  the  cylinder,  the  steam  UpermiCted  to  paas  from  its  upper  to  its  lover  ude,  so  that  it 
does  not  press  it  in  either  diraetiDa,  butthe  ireigbt  of  the  pump-roda  atthe  otfaereiidof 
the  beam,  loaded  if  necessary  irith  additional  veigbt,  causes  the  pLston  again  to  aacenJ 
to  the  top  of  the  cylinder.  The  steam  is  again  admitted  above  the  piston,  irhile  thai 
which  is  below  it  flows  into  the  condenser ;  and  thus  the  alternation  is  continned,  thu 
Talvea  which  control  the  moTementa  of  the  steam  being  worked  by  lerers  and  tappets 
from  tile  air-pump  tod. 

Fig.  208  TepresentH  a  doable-acting  condensing  beam-engino  working  a  atanb. 
Here  tiie  Weight  of  the  piston  and  air-pomp  bucket  and  (heir  rods  at  one  end  of  the 


beam  is  baUnced  by  that  of  the  oonnooting-rod  at  the  otter  end,  and  the  ateam  is  alter- 
nately admitted  by  the  dido  to  the  upper  and  lower  sides  of  the  piston,  andthenw  to  the 
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condenuT,  «>  Haai  eacb  end  of  Hie  b«am  ia  altenuitely  piutied  apward*  and  palled  down- 
warfs  by  the  pressure  on  tile  puton.  A  the  gtewn-pipe  from  the  boilor,  rapplying^teun 
to  the  dide-jacket  or  ipace  round  the  elide  B.  C  the  cylinder  fitted  with  pislan,  uid 
piston-rod  connected  to  one  end  of  the  beuD  H  by  the  pandlel  motioit  L.  E  uu  eoa< 
denier,  commonicating  with  the  slido-jecket  by  the  eduction-pipe  D.  F  the  injeolion- 
EOflk,  admitting  water  into  the  oondeuBer  by  a  jet  from  tha  cold  diteni  in  which  it  la 
placed.  G  the  air-pump,  worked  by  a  rod  from  the  parallel  inati<Hi,  end  discharging 
into  the  hot-well  H,  in  which  is  placed  the  feed-pump  woAed  by  a  rod  from  Urn  beam, 
BO  as  to  draw  water  from  the  hot-well  and  propel  it  by  a  feed-pipe  to  the  boiler,  K  the 
cold-water  pump,  worked  by  a  rod  frinn  the  beam,  drawing  waterfromawellorBtiMni, 
and  supplying  the  cold  dstem  for  condensation.  N  the  oonneeting-rod,  wotked  from 
one  end  of  the  beam,  and  giving  rotary  motion  to  the  crank  0.  P  the  iy-wheel,  fixed 
on  the  crank-Bhaft,  snd  reTolving  with  it,  with  the  necessary  momentimi  for  brmging 
the  crank  over  the  dead  centres,  or  higheat  and  lowest  points  of  its  revolution,  where  the 
connecting-rod  U  ineflective  to  turn  it.  Q  the  governor,  oauaed  to  rerolye  by  a  strap  or 
band,  and  suitable  gearing  connecting  it  with  the  crank-shait  The  ateam-pipe  A  il 
fitted  with  a  throttle-valve  connected  with  the  governor  by  levere  end  rods,  so  that  the 
velocity  of  the  engine  is  controlled  by  the  throttling  of  the  ileam,  as  already  deecribcd. 
Pig.  S09  represents  a  coudenmng  marine  engine  suited  for  driving  paddle-wheels. 
A,  the  glide-jacket  aupplied  wiOk  steam  from  the  boiler.    S,  the  cylinder  Btted  with 


Fig.  308, 

piston  and  rod.  C,  the  piston  cross-bead,  from  the  ends  of  which,  £de  rods  descend  on 
each 'side  of  the  cylinder  to  the  extremities  of  two  side  beams  D.  H,  the  coudenaec 
aupplied  with  injection-wuter,  by  the  injection-pipe  and  cock  I,  passing  tiirou^  tiie 
ship's  bottom.    E,  the  air-pump,  worked  by  side  rods  fitmi  pins  in  ths  ode  beams  D, 
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and  diwlui^iog  into  the  cutem-head  L,  whanco  the  supply  of  water  for  feed  is  drawn, 
and  &om  which  a  dischaiga-pipe  conveys  the  wttsto  water  through  the  ship's  side  into 
tha  sea.  E,  the  cross-head  of  connectjng  rod,  connected  by  tide  rods  at  each  end  to  the 
beams  D.  F,  the  ooimecting  rod,  csuaing  the  revolution  of  the  crank  G,  on  the  shaft  of 
which  i«  fixed  tha  paddle-vheeL  U  is  a  parallel  motion  for  consb-uning  the  cross-head 
C  to  move  in  a  atrai^t  line.  The  feed-pump  is  generally  placed  on  one  aide  of  the 
aii-ponqi,  and  a  bilge-pump  (far  emptying  the  bottom  of  the  veseel  of  water  leaking 
into  it)  on  the  oUier,  both  being  worked  by  the  cross-head  which  novea  the  air-pump 
bucket.  The  genantl  airangement  of  the  marine  engine  is  such  aa  to  keep  the  principal 
weight  at  as  loir  »  level  as  possible,  leet  the  stability  of  the  vessel  should  be  endange>«d 
by  too  much  weight  ahoro  the  flostiDg  line.  These  engines  sre  generallyin  duplicate, 
placed  side  by  ude  longitudinally  in  the  vessel,  the  ciank-«hafta  working  the  paddle- 
wheels  being  laid  tcausverscly. 

The  conditions  of  a  nuuine  engine  suited  for  driving  a  screw-propeller,  differ  con- 
sideraldy  from  those  of  the  engines  we  have  hitherto  described.  The  ahait  of  the  screw- 
propeller  is  ueceaaarily  at  a  low  level,  and  lies  longitudinaLy  in  the  vessel  to  which  it 
is  fitted,  and  it  must  be  made  to  revolve  at  considetable  velocity.  When  Ilia  system  of 
propolgion  was  first  tried,  it  was  usual  to  employ  ordinary  marine  engines  placed  trans- 
versely in  the  vessel,  and  to  fit  oa  their  shaft  a  la^e  cog-wheel,  driving  a  pinion  on 
the  shaft  of  the  screw-propeller  below  it.  By  this  arrangement  the  low  level  of  the 
latter  waa  secured,  as  well  aa  its  high  velocity ;  but  the  weight,  bulk,  shake,  and  noise 
of  tha  toollied  gearing  ware  found  objectionable.  Bcrew-pnqieller  engines  are  generally 
made  now  with  very  short  stroke,  so  that  the  nnmber  of  stiokei  made  in  a  given  time 
is  much  greater  than  in  ordinary  engines  of  equivalent  poorer.  The  cyliudei*  and  lit- 
pumps  are  arranged  horizontally ;  and  the  piston-rods  aet  on  the  cnmks  placed  at  a  low 
level,  without  the  intervention  of  aide  beams. 

Combined  Xnginei  arc  those  which  embody  the  principles  of  botb  the  condendng 
and  non-condensing  engines.  In  these  a  small  cylinder  and  a  Urge  cylinder  are  placed 
aide  by  side,  and  their  piston-rods  are  connected  bo  aa  to  work  together.  High-preesnie 
steam  admitted  to  the  small  cylinder,  works  its  piaton  aa  in  a  non-condensing  engine; 
but  instead  of  being  permitted  to  escape  into  tbe  atmosphere,  is  conveyed  to  tha  larger 
cylinder,  in  which  it  expands  to  greater  volume  but  lower  pressure,  and  acta  on  a  greater 
area  of  piston.  Thence  the  eipanded  steam  fiows  into  a  condenser,  as  in  the  ordinary 
condensing  engine. 

This  arrangement  gives  the  opportunity  of  seeming  a  large  uoonnt  of  osefnl  effect 
from  the  steam,  and  thereby  economizing  fuel  in  the  boiler.  If  we  suppose,  Ibr  ax- 
ample,  that  steam  with  an  absolute  pressure  of  7filbg.  is  admitted  into  the  smaller 
cylinder  during  ^th  of  the  stroke,  and  allowed  to  expand  during  the  remainder  of  the 
stroke,  its  final  pressure,  allowing  for  a  little  loss  by  cooling,  wiU  be  about  IS  Iba.,  and 
the  mean  presame  thronghout  tbe  stroke  wiU  be  about  42  lbs.  The  steam  at  18  lbs. 
being  now  admitted  into  the  larger  cylinder  during  }  tbe  stroke,  will  have  a  final 
pressure  of  about  8  lbs,,  and  amean  pressuioof  about  13  Iba.  throughout  the  strokes. 
Tile  back  presaore  of  rarefied  air  and  vapour  in  the  condenser  may  average  2  lbs. 
throu^out  the  stroke,  and  the  mean  efFective  presauie  on  the  larger  piston  would  then 
be  13  —  2=  lllbs.,  while  that  on  the  smaller  is  12  —  13  =  29  lbs.  per  square  inch. 
Now,  if  the  area  of  die  small  piston  be  to  that  of  the  large  in  the  proportion  of  11  to 
29,  the  total  mean  pressure  on  each  will  be  alike ;  and  tbe  power  of  the  engine  will  be 
duuble  that  of  either,  with  an  ezpenditate  of  steam  at  Tf  lbs.  preaaure,  or  60  lbs.  abon 
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Ilut  oftheBlmoaphMe,  onlj'ndBdeiittofiU  jtb  of  the  capaaity  of  the  (mailer  cylinder. 
By  eattiag  <^  at  >a  euUer  period  of  the  itndte,  >nd  nibg  a  itlll  Urgei  laooDii  c^liti^BT, 
atUl  greater  economy  of  aleam  may  be  attained. 

In  deteimining  the  pemr  of  ■  oondeniiiiK  aigino,  it  U  neeoMary  to  know  tlie 
preaiure  of  the  aleam  employed,  the  amount  of  vacuom  produced  in  the  eondeuaei,  the 
■ua  and  velocity  of  the  piston,  and  the  Tsrioaa  loaoea  of  force  ooeaatoned  b;  the  Motion 
of  the  maohinoj,  and  fhn  mairtanno  of  the  air-pump,  feed-pump,  and  cold-waler  pump. 
AwiiiTning  that,  gmerally,  the  qieed  of  the  piaton  it  about  200  feet  per  minute,  and  that 
thfi  preunte  in  the  boiler  does  not  exceed  6  or  6  Iba.  per  aquare  inch  abora  that  of  the 
abnoaphere,  we  may  lake  the  following  rule  as  to  power ; — 
Oirea  the  diamMer  of  the  cylinder  to  find  the  power. 

Suit. — From  the  diameter  (in  inches]  subtoaot  S,  «^aare  the  remainder,  and  diride 
by  20  for  the  povor. 

Etumi>l». — What  is  the  power  of  a  condensing  tti^ne  having  a  cylinder  51  inohea 

64  —  8  ^  M,  and  — s^r — ^  115  horse-power. 
Given  the  power  to  And  the  diameter  of  the  cylinder. 

£¥l». — To  the  square  root  of  20  time*  the  power  add  6,  &a  the  diameter  in  inches. 
Mxample. — Baqnired  &e  diameter  of  cylinder  for  ItS  hone-power. 

20  X  lis  =  3300,  squaie-root  =  4S  ueaily,  and  48  -f  6  =  54  inuhea. 
Tbeee,  however,  marely  famish  rough  guesses  at  the  power  of  any  engine.  The 
ftofei  method  of  ascertaining  the  real  power  is  to  q>ply  the  indieator,  when  the  engine 
is  only  moving  iteel^  so  aa  to  ascertain  the  power  necessary  to  orereome  the  frictiuD 
and  reaialance  of  its  working  patta;  and  to  deduct  this  qoantity,  with  aooie  allowance 
for  additional  atrain,  from  the  power  indicated  when  the  engine  is  in  Aill  woric  No 
definite  rule  can  be  offered  for  estimating  theoe  allowanoee,  as  varieties  in  otmatmotion 
uid  Toikmanahip  introduce  great  difisrences  among  experimental  tetntta.  In  gmieral, 
it  is  safo  to  reckon  not  more  than  Jthi  of  the  indicated  power  as  raally  e&ctive  to  move 
maohinery,  the  remaining  jth  being  absorbed  in  friction  and  moving  the  pumps. 

Roturj  JSatlnM.^In  all  steam-engines,  eiocpt  those  that  are  single  acting,  a  good 
deal  of  mechanism  is  necessary  in  order  to  convert  the  redprocating  rectilineal  motion 
of  the  piston  into  the  continnons  oircnlor  motion  of  the  crank.  It  has,  therefore,  been 
a  great  object  with  many  mechanics  to  devise  a  rotuy  engine,  or  one  in  which  the 
steam  pressure  shall  at  once  give  the  required  rotary  motion,  without  the  intervening 
machinery  of  connecting-rod,  beam,  parallel  motion,  and  crank.  Many  of  the  arrange- 
ments devised  fi»  this  purpose  praaent  great  ingenuity,  and  it  is  not  improbable  that 
some  may  prove  ultimately  suceeesfol ;  but  hitherto  no  rotary  enj^  has  proved  ao  far 
aatia&otory  ai  to  warrant  its  adoptioD  in  the  place  of  those  already  in  use. 

A  mngolar  enor  regarding  rotary  steam-engines  has  crept  into  aome  of  the  best 
iMokB  on  the  subject;  and  aa  it  is  i^culated  to  lUicourage  inventors  who  may  apply 
thanaelves  to  devising  engines  of  this  kind,  we  will  endeavour  to  point  it  out.  It  is 
asserted  that  steam  applied  to  give  direct  rotary  motion  to  a  piston  is  less  e&ective,  or 
loses  part  of  the  power  which  it  would  produce  if  applied  to  move  a  piston  in  e  etraiglit 
line.  If  we  suppose  E  D  (Fig,  210}  to  be  a  piston  fitted  to  an  annular  aylindrical 
vessel  B  G  A  F,  so  that  it  may  be  moved  round  the  centre  C  by  the  pressure  of  steam 
admitted  behind  it,  we  hsTO  to  ascertain  whether  a.  certain  quantity  of  steam  applied  to 
a  piston  thus  amnged  will  generate  sa  much  power  as  it  would  produoe  when  applied 
to  a  piston  in  the  ordinary  way.    Some  authors  (among  them  TredgcJd,  in  his  large 
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irork  on  the  tt«sm-eiijiDe)  say  that  "  the  quantitiea  of  uteaxa  being  equal,  the  power  of 
rotaiy  action  Till  be  less  than  that  of  rectilineal  action ;"  and  this  fallac]'  is  bnt  too 
generally  admitted  among  en- 
gineen.  That  it  ia  a  fallacy 
may  be  yary  easily  ahowa  by 
a  practical  ezamj^e.  Let  us 
suppoae  that  the  piston  D  E 
measures  10  inches  each  way, 
and  thetefoie  presents  a  sur- 
'  &De  of  100  square  inches,  and 
that  it  is  acted  on  by  steam 
having  a  pressure  of  20  lbs. 
per  square  inch ;  ao  that  tho 
total  prosauTO  on  itg  eur&ce  is 
100  X  20  =  2000  lbs.  Now, 
considering  C  D  as  the  arm  of 
a  lerer,  of  which  a  portion 
E  D  is  loaded  with  pressures 
distributed  uniformly  over  it, 
we  know  that  their  combined 
elfect  to  torn  the  lever  round 
its  f  olcmm  C  is  the  same  as  if 
the  whole  pressure  were  col- 
lected into  one  force  at  E,  the 
centre  of  gravity  of  the  part 
D£.  We  have,  therefbre,  effectively  a  lever  or  arm  of  the  length  CH,  pushed  round  C  by 
aforceof  20001bs.  applied  at  H.  If  we  tale  CE  =  9  inches,  then  as  EJ3.=.  S  inches 
(J  of  10  inches),  G  H  =:  14  inches ;  and  during  one  revolution,  H  passes  over  a  distance 
equivalent  to  the  circomfeience  of  a  circle  having  a  radius  of  14  inches — that  is  to 
aay,  over  88  inches,  or  7}  feet  Hence,  the  work  done  during  a  revolution  is  2000  lbs. 
X  7 J  foot  =  14,667  lbs.  moved  over  1  foot  Also  tho  quantity  of  aleam  required  to  fill 
the  annular  space  passed  through  by  the  piston  is  thus  found,  C  E  being  9  inches,  and 
C  D  being  19  inches : — 

Area  of  oator  circle  (33  inches  diameter)    .     .  ^  1134-12  square  inches. 

Area  of  inner  drcle  (IS  inches  diameter)    ■     ■  =    264'47  „ 

Area  of  annular  apace  (difibteooe)     ....  B79'65  „ 

Multiply  by  breadth 10  inches. 

Volume 


Hg.  !10, 


■1 8736'S  ciibio  inches.  ' 

Were  we  to  apply  this  quantity  of  steam  in  an  ordinary  oylimler,  whatever  be  its  ■ 
dimensiooB,  we  ahould  produce  equivalent  power.  Let  us,  for  example,  take  a  cylinder  : 
1  foot  diameter,  having  an  area  of  piston  113-1  square  inches,  subjected  to  a  pressure  of 
1131  square  inches  X  20  Iba.  =  2262  lbs.,  moving  throogh  a  stroks  of  6'48S  feet  (a 
length  which  requires  equivalent  volume  of  steam),  we  find  the  work  to  be  2262  lbs.  X 
6'488  =:  14,667  Iba.  moved  over  1  foot  ss  before.  Iiutesd  of  reckoning  the  whole  revo- 
lution of  the  rotary  piston,  we  might  take  any  portion  of  its  revolution,  and  we  should 
And  the  power  developed  by  the  steam  nwd  eiooUy  oqaal  to  that  which  would  b«  pro- 
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doeed  by  tie  tame  qotutitf  of  rteam,  in  any  eorreaponding  portion  of  a  cylinder  where 
die  piiton  tnorea  recliliiieally.  'Without  reference  to  any  ipecial  nometiol  example, 
wa  obserre  these  general  Uwa.  Whatfiver  be  the  fonn  of  tha  rotating  piston  D  £, 
tteam  preemog  unifiiniily  on  it*  aurfkce  producea  the  aome  efiect  to  torn  it  round  ita 
centre  C,  ai  if  the  whole  preamre  were  collected  into  one  force  acting  at  the  centie  of 
gniTity  H  irf'tlieBuifiiceof  pLaton;  and  the  work  done  by  the  ateam  during  any  part  of 
a  rerolatian  i»  equivalent  to  tha  total  preasurc  in  the  piston,  multiplied  by  the  distance 
(rareraed  by  the  centre  of  granty  H,  or  the  portioa  of  the  eircumfercnce  of  a  circle  of 
which  C  H  ii  the  radim;  ud,  fiuther,  the  Tolmne  of  ateam  required  during  the  given 
ion  of  ■  rGTolutitm  ia  (by  the  well-known  law  of  mensuration  of  annular  wilids) 
vured  by  the  area  of  the  pialon,  tnolliplied  by  the  distance  passed  over  by  its  cer' 
of  grsTity.  In  the  case  of  a  piston  moviBg  rectilineally,  the  work  done  by  the  etei 
and  the  Tolume  of  steam  used  during  any  portion  of  a  stroke,  are  measured  in  precisely 
the  same  way,  and  bear  the  same  relation  to  each  other.  There  is,  tberefere,  no  theo- 
retical objection  to  the  application  of  ateam  in  such  a  way  as  to  produce  direct  rotary 
ion.  niat  there  are  cooaiderable  practical  difficulties  in  the  armngement  of  the 
part*,  and  their  constnictinn  so  as  to  present  steani-tiglit  rubbing  surfaces,  and  to  avoid 
undue  friction  and  unequal  wear,  is  doubtless  true)  but  were  these  difficultJiie  fairly 
aurmounted,  we  should  be  in  poaaeaiion  of  an  engine  where  simplicity,  and  economy  of 
weight  and  bull^  might  enable  us  to  apply  ateam-power  in  many  cases  where  it  is  not 

Before  leaving  the  subject  of  rotary  engines,  we  may  mention  that  ateam  has  b 
applied  successfully  to  produce  rotary  motion  on  the  same  principle  as  that  of  Barker's 
mill,  or  the  turbine  applied  to  water-power.  Slcam  of  considerable  pressure,  pass' 
through  openings  on  the  sides  of  BBVeral  tubular  arms  mounted  on  an  axis,  causes  th 
a  revolve  in  the  direction  opposite  to  that  in  which  the  ateam  issues,  on  the  as 
principle  as  the  movement  of  a  rocket,  where  the  issue  of  the  elastic  gases,  generatfid 
by  the  combuetion  of  the  charge  at  one  end,  leaves  an  unbalanced  pressure  to  act  oi 
the  other  cod,  and  thus  to  force  it  onward  through  the  air ;  bat  we  believe  this  mode 
of  applying  eteam-presaure,  though  exceedingly  simple,  ia  by  no  means  sufficiently 
economical  to  warrant  its  general  adoption. 


APPLICATIONS  OF  STEAM-POWEE. 

The  chief  purposes  to  which  steam-power  is  applied  are  the  fidlowing : — 

I.  Pumping  water  for  the  drainage  of  mines  and  docks,  or  at  water-works  for  the 
suppty  of  towns. 

II.  Driving  mocbinery  for  raising  ore  from  mines,  for  moving  heavy  weights,  oi  for 
agricultural  and  manufiicturing  purposes. 

III.  For  locomotion  on  railways. 
IT.  For  propelling  steam-Teasels. 
We  will  briefly  disease  the  mode*  in  which  steam-power  is  generally  made  avulitble 

fcr  these  difihrent  uses,  and  the  tonaa  of  steam-engines  most  advantageously  applied  ii 
each  case. 

I.  Vn^Lplns- — In  pumping  water,  until  of  late  years,  single-acting  engines  wer 
almost  universally  applied.  We  may  most  readily  account  for  this,  not  on  the  ground  of 
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any  advaDtage  derived  from  the  use  of  sii^le-nctmg  engines,  but  &om  the  circomatance 
that  the  earliest  form  of  engine  that  was  rendered  practically  available  wM  that  of  New- 
comen,  which  was  single-acting,  and  suited  only  foe  working  pumps ;  that  Watts  im- 
proTements  were  firat  applied  to  engines  of  this  kind,  and  that  hia  en^es  were  intro- 
duced at  mines  to  supersede  the  labour  of  men  and  horses  fonneily  applied  to  pumping ; 
that  these  engines  were  of  flrst-raW  quality,  effectiTB  and  durable,  and  natarally  im- 
pressed the  miners  vil^  a  preference  for  their  form  and  airongement ;  and  that  en^- 
neera  in  mining  districts  applied  themselres  rather  to  the  perfecting  of  forms  already  in 
use  than  to  the  introduction  of  new  forma.  So  strot^  indeed  has  been  the  preference  for 
ainglc-acting  engines,  especially  those  of  the  kind  employed  in  ComiraU,  when  applied 
to  pumping,  that  few  double-acting  engines  have  ever  been  employed  for  this  puiposo 
u^til  very  .recently.  We  believe,  however,  that  the  reeidta  have  shown  decided 
advantageain  favour  of  the  double-acting  engines,  and  that  ere  long  they  will  supo^sede 
the  more  cumbrous  and  less  advanced  form  of  those  that  are  single-acting. 

The  pumps  emploj^d  in  mines  are  of  the  lifting  or  forcing  kind,  having  a  stroke 
seldom  exceeding  B  or  10  feet.  When  the  mine  is  deep  tho  water  is  raised  by  stages, 
each  150  to  200  feet  in  height  The  lowest  pumps  discharge  into  a  reservoir  about  that 
height  above  the  bottom  of  the  mine;  the  second  set  cf  pumps  drawfVom  that  reservoir, 
and  dischai^  into  the  next  higher ;  and  so  on,  until  the  water  is  finally  delivered  at  anch 
a  level  that  it  may  ha  permitted  to  flow  oS  by  natural  drainage.  As  apparatus  is 
generally  required  at  mines  for  stamping  and  crushing  the  ore,  it  ia  not  unusual  to 
deliver  the  water  at  such  a  height  above  the  general  level  of  the  ground,  as  may  permit 
its  use  for  driving  a  water-wheel,  from  which  motion  ia  given  to  the  ore-cniahing 
machinery.  But  as  power  is  slso  required  for  raising  the  ore,  it  ia  generally  more  ad- 
vantagaoua  to  employ  a  double-acting  engine,  besides  the  main  pumping  engine,  for  this 
purpose,  as  veil  as  for  the  preparation  of  tho  ore.  The  power  required  for  raising  water 
depends  upon  the  quantity  raised  in  a  given  time  and  the  height  to  which  it  is  raised. 
If  we  suppose  that  it  is  necessary  to  raise  100  cubic  feet  of  water  per  minute  150  fathoms, 
or  900  feet,  unee  each  cubic  foot  of  water  weighs  62  j  lbs.,  the  total  to  be  raised  is  100 
X  62}  ^  62^0  lbs.  per  minute.  This  load  raised  through  900  feet  is  equivalent  to 
8250  X  BOO  ■=.  6625000  lbs.  raised  1  foot,  and  would  require  -  ^  170  horse- 

power, without  allowfiaoe  for  friction  and  excess  of  power  to  give  the  velocity  of  move- 
ment to  the  column  of  water.  To  estimate  this  quantity,  we  should  add  at  least  10  per 
cent,  or  -^Ftli,  making  the  power  187-horse,  which  should  be  the  cfTectiTe  power,  after 
malung  all  allowances  for  the  fHetion  of  the  engine  and  the  various  losses  occasioned  by 
tho  cooling  or  leakage  of  steam,  and  the  working  of  the  air-pump  and  feed-pump. 

The  perfoimance  of  the  Comish  engines  has  received  special  atteation  from  the  eir- 
onmatance  that  a  number  of  mine  proprietors  placed  their  engines  under  the  superin- 
tendence of  engineers,  and  had  monthly  reports  published  as  to  the  quantity  of  water 
lifted,  the  quantity  of  coals  consumed,  and  other  particulars.  5ix  of  the  moat  effective 
engines  reported  on  presented  the  following  average  results : — . 

Diameteni  of  cylinder  from  60  to  90  inches. 

Mean  pressure  of  iteom  per  square  inch,  ID  lbs. 

Length  of  stroke  &om  8  to  10  feet. 

Average  number  of  strokes  per  minute,  7. 

Diameter  of  pumps,  S  to  IS  inches. 

Average  length  of  pump-stroke,  7  feet  6  inches. 
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Averafe  woi^  reckoned  in  lb*,  of  water  lifted  1  foot  higb  by  tiie  ooiuiiinptioii  of 
1  biuhel  of  co«U,  40,600,000  Ibi.,  or  the  work  of  1,227  horte-poirer. 

Id  pumping  dooki,  tho  qiuntitr  of  ml«r  to  be  lifted  in  a  giran  time  is  gcnenUf 
great,  bnt  the  height  inoonsidenible,  and  the  pumjM  may  therefore  lie  of  lai^  diameter. 
Ai  a  ynelietJi  example,  we  may  take  the  cut  (^  a  reotangnUr  dock,  200  ftet  long, 
40  feet  broad,  and  20  feet  deep,  the  water  being  liflad  2  feet  abore  the  highest  level  to 
giTo  a  fall  for  its  dnunage.  The  total  quantity  to  be  lifted  is  200  X  40  X  20  := 
ISO.OOO  oubio  feet,  oi  160,000  X  S2|  =:  10,000,000  lbs.  At  the  beginning  of  the  wotk 
the  wnter  has  to  be  lifted  only  2  f^t,  at  the  end  it  has  to  be  lifted  22  feet,  and  the  mean 
height  of  lift  is  therefore  U  feet,  lie  iroric  done  being  eqiuvalentto  ^"'""'^^"^^ 
=  3333  horse-poTcr ;  or  allovtng  Vvth  for  friction  and  Telocity,  about  3060  horae- 
pover.  If  the  work  be  done  to  1  hour  or  60  minutes,  the  power  of  tho  engine  miut  be 
-^g-  ^  61  borw-power,  clear  of  all  losses.  As  in  a  ctM  like  thU,  tlie  work  at  flnt  ia 
Tery  light,  and  becomes  greater  as  the  leTel  Ot  tlie  water  is  lowered,  and  the  height  to 
be  lifted  conseqoently  inoreaaed,  it  is  advisable  to  have  seTsral  pomps,  all  of  which  may 
be  kept  in  action  at  first,  but  which  may  be  thrown  out  itf  action  aacaeasively  as  tho 
load  on  them  bcoomes  increased,  tho  strun  of  the  engine  being  thereby  not  greatly 

In  water-works  fbr  Bupplying  towna,  not  only  has  the  water  to  be  lifted  to  such  a 
height  that  it  may  command  tLe  highest  lerel  to  which  it  has  to  rise,  bnt  it  haa  also  to 
be  conveyed  through  gi«at  lengths  of  pipe,  often  extending  many  mites.  It  is  con. 
venient  to  amuge,  as  near  aa  possible  to  the  pomp,  a  high  teserroir  of  such  altitude  as 
may  be  sufficient  to  csuse  the  necessary  flow  in  the  great  length  of  pipe  connected  with 
it.  This  ia  effected  by  pumping  the  water  through  an  elevated  aiphon,  open  at  the  tc^ 
to  permit  the  issue  of  air  that  may  be  mingled  witJi  the  water.  The  pump,  in  iii  firing 
its  sboke,  has  thus  to  pnt  in  motdon  only  the  column  of  water  contained  in  the  asoending 
limb  of  tho  uphon,  instead  of  the  whole  mass  contained  in  the  pipes.  But  in  order 
still  brtlier  to  relieve  the  pump  and  engine  from  the  strain  required  to  put  in  sudden 
movement  even  this  mass  of  water,  the  pomp  is  provided  with  a  capacious  air-ve««el, 
which  is  a  dome-shaped  vessel,  the  upper  part  of  which  contains  air,  and  the  lower  part 
commnnicatea  froely  with  the  diseharge'pipe  of  the  pninp.  Wlhen  the  pump  diichaigea 
its  contents,  tho  sir  in  the  vessel  ia  compressed  by  the  influx  of  water  below  it;  and  vriiile 
t}ie  pump  ia  making  its  return  stroke,  the  elasticity  of  the  compreaaed  air  continues  the 
flow  of  the  water  that  had  been  forced  into  tbe  vessel  The  air  tbus  acts  sa  a  spring, 
yielding  to  the  force  of  the  discharge  fhim  ihs  pump,  and  sustaining  t^  pressure  on 
the  flow-lape  at  intervalswhenthe  pump  is  inactive,  When  the  pump  is  double-acting, 
or  discharges  at  both  the  up-stroke  and  the  down-gtrake,  the  intervals  of  inaction  are 
only  those  occupied  by  the  turn  of  the  stroke,  and  the  air-vessel  has  leas  to  do  than 
when  the  pump  is  single-acting.  Two  single-acting  pumps,  of  which  die  one  dis- 
charges while  the  other  is  drawing,  produce  a  like  effect ;  upon  the  whole,  we  believe 
tJiat  for  umplicity,  economy  of  cost  and  of  working,  a  good  dovble-aoting  engine,  with 
double-acting  pump,  is  preferable  to  two  eingle-actiag  engines  and  pumps,  each  of  half 
Hm  power,  or  to  one  single-acting  of  equivslent  power.  We  know  of  no  advantage 
poaaeaacd  by  the  aioglc-Sftlng  eugins,  which  cannot  b«  fully  secured  in  the  double- 
acting  engine.  It  hsa  so  happened  that  many  aii^Ie-acting  engines  have  been  made  of 
large  dimensions  and  long  stroke,  and  that  the  expansive  power  of  the  steam  has  been 
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employed  by  cutting  it  off  &t  an  early  part  of  the  rtioke,  lo  xich  an  exlant  at  to  aecuie 
greai  economj  of  fiieL  But  in  tlie  double>aoting  engins,  particularly  wlien  the  dupU- 
cKte  cylinder,  irith  high-presEure  and  lowpreeture  aoUon,  is  applied,  the  aameeiionomy 
of  fiiel  can  be  aeonred,  and  the  bulk  and  weight  of  the  irhola  aie  greatly  rednoed. 

II.  Dsivlng  Hm)Uii«(T. — The  eng^iua  ao  employed,  irhetlier  to  mile  ore  fnm 
IDIOM,  to  dtvw  railway  trains  up  steep  inclinationi,  or  for  agricultural  and  maaufkoturiiig 
puipOKl,  arc  unirenally  double-acting.  Where  the  power  required  ia  miall,  or  irtiere  ftlel 
is  cheap  and  water  scarce,  Don-coDdensing  engines  are  genersUy  preferred.  But,  on  the 
other  hand,  wlicce  there  ia  a  pleatiful  aopplf  of  water,  and  where  fuel  ia  expensive, 
uoudetimnf  enginea  are  employed ;  ««  by  a  certain  enpenditure  of  fuel,  there  is  certainly 
a  greater  anoont  of  power  generated  iriien  the  steam  is  condensed.  For  large  ma 
fautories,  cotton,  flax,  and  flour  mills,  breweries,  and  like  establishments,  tlie  bei 
engine  is  generally  employed.  Its  adjantagea  mnaist  in  the  accessibility  of  all  its  parts 
iucasaof  damage  or  repair,  and  the  steadiness  and  regularity  of  ile  movement,  naulting 
tKoa.  its  nuudveness  nod  solidity.  The  substsntial  and  imposing  look  of  a  luge  beam- 
engine  is  certainly,  however,  with  many  persons,  an  argument  for  ita  use,  where 
engines  of  less  weight  and  bulk  might  be  applied  with  quite  as  great  advantage.  The 
marine  engine,  hav^  received  great  attention  to  its  perfect  constructioii,  haa  often  with 
advantage  taken  the  place  of  ordinary  besm-engince  in  manufacturing  establishments ; 
and  wo  believe  the  only  objection  to  their  general  use  is,  that  they  are  rather  more 
expensive  in  the  first  place.  Where  there  is  a  deBcicnoy  of  water  far  condensation,  it 
is  necesaary  to  provide  large  reservoirs  in  which  the  water  discharged  from  the  air- 
pump  mny  have  time  to  cool  before  it  is  sgain  used  in  tlie  condenser.  Warm  water, 
when  used  for  injection,  must  either  be  admitted  in  quantities  so  great  as  to  impede 
the  engine  by  thesdditiraisl  work  thrown  on  the  ur-pnmp, — or,  if  limited  in  quantity, 
can  only  eflect  partial  condensation  of  the  steam,  so  that  tbo  piston  is  impeded  by  the 
imperfection  of  the  vacuum. 

The  power  of  an  engine  required  for  monufoctnring  purpoaea,  neceassrily  depends 
on  the  kind  of  work  to  be  done,'  and  its  amount.  A  numulactory  geueially  canb ' 
numerous  machineo,  like  sad  unlike;  and  unfortunately  very  few  accurate  experiments 
have  been  made  as  to  the  power  required  for  working  them.  It  is  stated  that  in 
cotton  manufectnre,  one  horse-power  is  snfBcient  fbr  100  gpindlee  of  cotton  yani,  and 
the  machinery  necessary  for  the  preparation  of  the  cotton ;  and,  again,  that  one  horse- 
power will  work  1 2  power-looms.  But,  every  day,  improvements  are  being  made  in 
the  construction  of  such  machinery,  and  changes  are  introduced  among  the  methods  of 
preparii^  the  material ;  and  it  therefore  becomes  difficult  to  asuga  any  determinate 
method  of  estimating  the  power. 

In  the  iron  manufacture,  steam-power  is  generally  applied  ta  the  production  of  the 
blast  of  air  for  the  smeltdng  iumace.  The  air  is  condensed  by  a  blowing  cylinder  c 
pump,  tjll  it  exerts  a  pressure  of  2  to  3  lbs.  per  square  inch  above  that  of  the  atmoi 
phere,  and  from  ISOO  to  ISOO  eubic  feet  per  minute  are  forced  into  the  furnace.  When 
for  simply  melting  or  heating  iron  in  a  cupola,  reverberatory  flunaec  or  forge,  the 
pressure  of  the  air  need  not  be  so  great  as  in  smeltiog  operatimis,  it  is  (applied  by  a  fan 
or  wheel,  with  several  blades  revolving  rapifly  in  a  ease.  The  rapid  rotation  of  the  fan 
causes  the  air  occupying  its  central  part  to  fly  off  to  its  circumfbreoce  by  centrifugal 
fbree ;  and  tunings  being  provided  at  the  centre  and  the  circnmterence  of  the  &n-case, 
the  air  rushes  in  al  the  former  and  out  at  the  latter  with  considerable  velocity,  and  is 
conveyed  by  air-drains  or  tubes  to  the  Aimaces.    The  various  processes  to  which  the 
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iDHi  is  subjected — roUiag,  riieaniif,  fUiSing,  punchiiig,  tnming,  pUning,  uid  the 
like — are  all  eondnoted  by  &e  applicatiaiL  of  iteam-powei.  And  m  witli  oper«tloiu 
OB  oOier  metala,  on  vood,  and  gtmenlly  all  crade  nuiteiiall,  the  facility  of  deriTing 
adequate  power  ham  Uie  applieation  of  heat  to  irater  enables  ns  to  em^oy  machinerj' 
ioateod  of  manual  IaImiit  in  a  mnltitiiilB  of  wayi,  to  m  not  obIt  to  ezecnte  wts  ' 
that  could  not  have  been  attempted  iriUiout  baring  bdoIi  a  f<nce  at  oommand,  but  to 
do  10  with  an  eoanomy  and  ease  that  could  not  otberwiie  be  attained.  In  all  lliese 
manii&ctunng  operations  it  u  eMoitial  to  At  Mtetj  at  wdl  •«  to  the  aeGnnt« 
woiiing  of  the  machinery,  that  the  speed  of  the  prime  mover  ihould  be  miifbnn. 

Wliere  theie  are  numerous  machines  diiren  by  the  same  powm,  it  may  often  happen 
fliat  sereMl  an  in  operation  at  once,  while  at  another  time  none  may  be  at  work.  To 
orercome  the  renstance  canaed  by  tnddenly  lainging  a  heary  machine  into  action,  vm 
in  the  ease  of  a  set  of  rolleii  for  preparing  iron,  and  at  the  same  time  to  prevent  the 
dangeteusieonaseof  speed  that  would  remit  frwn  suddenly  throwing  it  out  of  woik,  it 
ia  eaaential  that  there  should  be  a  good  governor  and  a  very  heavy  fly-wheeL  The  fly- 
wheel acts  as  a  reseiTmr  of  foroe  in  the  one  case,  ready  to  give  out  a  pration  of  its 
momentum  when  theadditional  resistance  comes  upon  it;  and  as  a  leservoir  of  resiet&nce 
or  inertia,  in  the  other  case,  ready  to  absorb  a  poitdon  of  fbe  tumeoeaaary  power.  TTie 
governor,  again,  permits  the  supply  of  additional  steam  lo  the  oylinder  as  soon  as  the 
Telocity  of  the  engine  begins  to  undergo  diminution,  and  checks  or  throtties  the  mpply 
lAonever  the  speed  rises  above  the  average. 

When  die  power  required  is  small,  or  under  oironnistanaei  where  there  is  a  difflcnlty 
lu  supplying  water  for  condensation,  or  where  there  would  be  a  gieat  disadvantage  ii 
having  any  complicated  machinery  to  be  attended  to,  it  is  nsnal  to  employ  non-con 
densing  enginea  j  these  being  more  simple  are  leaa  ooetly  in  the  first  place,  leas  liable 
to  derangement  and  wear,  and  mere  easily  uoderstaod  and  mansged.  It  is  true  that 
for  a  given  amount  of  power,  the  expenditure  of  fuel  is  somewhat  greater  than  where 
the  steam  is  condensed ;  but  with  a  good  boiler  generating  steam  at  a  pressure  of  40  t( 
60  lbs.  if  the  cylinder  be  made  of  coiuiderable  size,  and  the  steam  out  oS  at  an  early 
part  of  the  stroke  so  as  to  act  expansively,  the  exoesa  of  fuel  expenditure  ia  almost 
inappreciable.  For  agricultural  purposes,  in  the  colonics,  or  generally  in  districts 
removed  from  engine^ing  eatablishmeata,  simplicity  ia  of  more  importance  than  ei 
economy  of  fOel.  Many  of  these  noa-oondensng  engines,  &ora  6  to  IS  horse-power, 
are  made  portable,  lo  that  the  power  may  be  readily  brought  to  tile  work  instead 
of  the  work  being  brought  to  the  power.  The  portable  engine  oonaigte  of  a  cylindrical 
boiler,  perforated  with  flues  or  tubes  tike  that  of  a  locomotive,  mounted  on  wheels,  with 
a  direct-acting  engine  laid  horizontally  upon  the  boiler,  or  arranged  in  some  conveni 
way  fbr  li^tnees  and  economy  of  space.  For  thrashing  and  winnowing  com,  draining  or 
irrigating  land,  brick  and  tile  making,  and  field  operetioni  generally,  these  engines  are 
Tory  serviceahle,  especially  in  cases  where  the  work  of  s  farm  is  not  enough  to  keep  an 
engine  constantiy  employed,  and  where  the  same  engine  may  do  duty  throughout  a 
connderable  diatiict.  We  believe,  however,  that  as  agriculture  approaches  more  to 
the  c<mdition  of  a  manufBctoiing  art  than  it  hai  hitherto  done,  the  fixed  engine  will 
gradually  supersede  those  that  are  portable ;  the  farm  buildings  will  become  the  head- 
quarters of  the  varions  operatians ;  the  materials  will  be  brought  thither  to  be  opei«t«d 
on;  and  agricultural  processes  wiQ  be  carried  on  with  the  regularity  and  precision  of 
other  branohe*  of  art.  Of  late  years,  many  persons  of  high  standing  and  energetlo 
character  have  devoted  themsetves  to  tiie  furtherance  of  Ihia  object ;  and  their  example 
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i«  tmug  genoraUj  fiJlowed  thumgliout  the  ooaatrj.  Hii  Boytl  Highnen  Pnnce 
jU]>ert  baa  erected  a  tot  complete  fikmuDg  eeUblishment  near  Windsor.  A  fixed 
ODgine  puts  in  motion  a  train  of  nachineB  for  thraahing,  droMing,  and  grinding  ix 
ontting  cbaS,  bruinng  beang  and  mla,  Bteaming  tbe  food  of  cattle,  and  otiier  piooeaMA, 
•11  ■ystematicallj'  and  economically  arranged ;  and  similar  plana  are  adopted  in  mi 
other  plaijes  at  home  and  abroad. 

in.  X«coin»tlT«B. — In  no  application  of  steam-power  has  greater  ingannity  been 
manifested  than  in  locomotive  enginos.  Tl\egTeate>seDtialBafaloc(»notiTeai«,lightneai, 
oompactnMfl  and  atreagth  of  conitructian,  rapidity  of  action,  and  &cility  of  management. 
Some  of  tile  earliest  attempts  at  tbeae  engines  were  neoeMarily  rude  and  imperfect ; 
but  tbe  rapid  extension  of  tbe  lailway  STstem,  and  the  immense  advantages  deiived 
bom  speed  in  tbe  tranamisdon  of  passengers  and  goods,  bave  hurried  on  improvements 
•0  qniokly,  that  in  a  very  few  years  the  locomotive  has  risen  to  a  bigh  degree  of  perfeo- 
tioD.  Fi»  some  lime  it  seemed  dittoult  to  contemplate  the  possibility  of  covering  the 
land  with  a  net-work  of  iron-ways,  extending  over  many  thonaand  miles  in  length ;  and 
•ooordingly  attention  was  chiefly  devoted  to  the  conetruetionof  locomotives  fbr  mnning 
on  ordinary  roads.  Some  of  the  engines  made  for  this  purpose  were  bderably  snccess- 
fbl  in  theii  operations,  and  embo^ed  in  their  coiutraction  a  great  anonnt  of  ingentiity, 
which  baa  not  been  without  its  use  ia  leading  to  the  mon  perfect  locomotive  of  the 
jaesent  time.  Even  when  railroads  began  to  be  formed,  the  emidoyment  of  steam 
tiiem  was  a  doubtful  question,  and  their  most  sanguine  promoters  scarcely  dared  to  hope 
for  a  speed  exceeding  ID  nules  an  hour,  or  to  expect  that  pasaenger-trafflc  wrmld  equal 
in  importance  the  drnveyance  of  heavy  goods.  It  was  feared  that  the  friction  of  an 
iron  wheel  on  anin>n  road  would  not  be  sufficient  to  move  onireid  the  locomotive  itself, 
much  lesa  a  heavy  tnun  of  carnages ;  and  accordingly  it  was  proposed  (o  apply  leven 
to  act  as  legs  and  feet  propelling  the  carriage,  or  to  lay  down  a  coatinuoua  rack 
which  a  toothed  wheel  driven  by  the  engine  might  work,  or  an  endless  chain  to 
wound  round  a  revolving  barrel.  It  was  not  until  the  actual  trial  was  made,  that  the 
simple  expedient  of  causing  a  pair  of  wheels  to  revolve  on  the  roils  was  adopted  without 

The  boiler  of  a  locomotive  has  already  been  described ;  the  engine*  are  rimply  two, 
direct  acting,  laid  horiiantally  side  by  side  under  the  boiler,  working  cranks  at  right 
an^ea  to  each  other  on  a  shaft  which  crosses  under  the  boiler  transveraely,  and  has  the 
driving-wheela  fixed  at  each  end.  For  each  revolution  of  the  engine,  therefore,  there 
one  revolution  of  the  driving-wheels.  Sometimes  these  are  made  6  to  7  feet  ia  diameti 
and  have  therefore  a  circumference  of  20  ieel  If  we  snppOM  the  engines  to  make  2i 
revolutions  per  minute,  or  200  X  60  izj  12000  per  hour,  as  the  whole  circumfbrenco  of 
the  driving- wheel  is  brought  to  bear  on  the  rail  during  each  revolution,  if  there  be  no 
dip,  the  locomotive  most  advance  20  feat  for  each  revolution— that  is  to  say,  12000  X 
20  ^  240000  feet,  about  4SJ  miles  per  hour.  When  the  raits  are  damp  and  slippery, 
tbe  wheels  oceaaionally  slip  round  without  taking  sufBdent  hold  of  them  to  propel  the 
train.  In  snch  cases  a  little  sand  strewn  on  tbe  rails  genially  cause*  anffident  friction 
to  commence  the  movement  of  the  train ;  and  its  momentum  once  established,  the  loco- 
motive has  only  to  keep  it  np  agtunst  the  resistance  of  the  air  and  the  friction  of  the 
numing  wheels.  When  the  locomotive  is  applied  to  the  propulsion  ef  heavy  goods'- 
trains,  especiaU;  up  inclinations,  it  is  necessary  to  obtain  mora  Motion  than  oould  bo 
derived  from  one  pair  of  driving-wheels.  For  this  purpose  the  locomotive  ia  fitted  i 
one  utd  sometimes  two  sdditional  pairs  of  driving-wheels,  of  tbe  same  size  as  those 
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vortod  by  lbs  Migliw.  TbtM  wkeelt  m  coopM  b;  oonnecting-radi  v«rkliig  on 
ptu  projecting  from  llwEr  tnii,  m  that  ftey  all  rarolTe  aimulUneDnriT,  and  Aui  pie> 
mt  ibuUe  or  treble  die  amount  of  rabUng  mrboe  on  tbe  raili.  Tht  looomotiTe  haa 
attached  la  it  a  tendra',  wbich  u  an  iron  tmk  oonnted  on  wbeela,  drrided  into  two  oom- 
pntmenta,  one  oontaimng  fdri  and  tiie  other  water  tor  tbe  mppl;  of  tbe  en^e.  The 
wateT'tanb  ii  connected  by  a  flexible  tube  to  the  feed-pump  of  the  locomotive,  hf  which 
the  pnmp  dnw*  ita  aup^y,  and  forcea  it  into  On  boiler.  In  order  to  save  fuel,  the 
mtec  in  the  tank  ia  heated  by  ateom  blown  thiouf  h  it  from  the  boiler,  while  flic  tnda 
ij  atopping,  and  the  ateam  ia  btovil^  off  to  waate  by  tbe  aafety-Talve.  Tbe  eng^e- 
drirer  and  afaAsi  itatid  on  a  (tage  at  the  fire-hoz  end  of  the  bmler,  and  have  under  theii 
eye  the  water  and  ateam-gaugea.  They  have  conTeniently  arranged  leren  for  working 
the  ateam-Talve  •□  u  to  permit  more  or  lew  ateam  to  enter  the  cylinder ;  for  moving  the 
link-motion  ef  tlie  elides,  so  as  to  tererse  the  tnotion  of  the  engines ;  for  adjniting  the 
preaauTS  on  the  stfety-Tslve,  the  supfdy  of  fbed-wat«r,  and  t^e  break  on  tbe  wheels 
when  it  is  nacassaiy  to  atop  or  move  m<a«  slowly.  Hey  bare  conTenient  means  of 
mling  aU  the  working  parte,  and  of  opening  pet-coi^  in  the  cylinden  to  permit  the 
i«ne  of  water,  and lluooAlbrsoiuidinfAe  steam-whistle  asarignnloftiteit  approach. 
Altogether  tbe  kicomatiTe  is  peritapa  the  most  perfect  apparatus  tllat  has  been  designed 
by  engineen ;  and  the  materials  and  workmanship  applied  in  its  constmctian  an  neces- 
sarily of  the  best  kind,  to  withstand  the  conslAnlly  reiterated  diocks  of  the  movement^ 
and  to  convey  power  so  great  through  parts  so  light  and  eppirently  so  eomplcz. 

rv.  Pr»p«lalsn  at  Taaoels. — Althongh  numerous  modes  of  applying  steam  to 
the  propnlsion  of  vessels  have  been  proposed,  two  only  hove  met  with  general  adoptioa — 
vix.  tiie  pddde-idieel  and  the  serew-propeUer.  The  action  of  paddle-wheel  enginea 
is  precisely  similsT  to  that  of  locomotives :  the  paddlta  in  tbe  one  mm  occupying  the 
place  of  the  driving-irbeels  in  the  other,  and  hiving  float-boards  sucoessively  immersed 
in  the  water  and  withdrawn  from  it  aa  the  wheels  revolve.  Tbe  paddle  of  a  steau- 
vetse)  is,  indeed,  an  undershot  water-wbed  reversed  in  its  actdtm ;  that  is  to  say,  instead 
of  the  wheel  being  put  in  modon  by  tbe  enirent  of  water,  the  wheel  pnt  tn  motion  by 
the  steam-engine  cauaes  a  current  of  water  by  its  revolution ;  and  Ibe  reactian  of  tbe 
water  propelled  by  it  backwards,  forces  the  wheel  forwards,  and  with  it  the  veaael  to 
which  it  is  attached.  As  the  float-boards  enter  and  leave  the  w«ter,  they  act  on  it 
obliquely,  tending  in  aome  measnre  to  press  it  down  in  front  and  raise  it  behind.  In 
sea-going  vesads,  whore  the  wheels  often  act  on  the  ondulating  snrfcce  of  the  water, 
this  obliqmty  of  action  becomes  a  very  consideisble  letistance,  and  tends  to  retard  the 
engines  snd  give  &eta  severe  riiDcks.  To  obviate  this  defect,  paddles  are  ft«qnently 
made  in  sudi  a  mamier  that  while  passing  through  tbe  water  they  hang  neaily  vertical. 
Such  a  whsel  is  called  t,  feathering  paddle,  because  the  float-botrds/oiMcr,  or  enter  and 
leave  the  water  edgeways  like  tbe  oar  in  the  bands  of  a  practised  rower.  The  power 
reqtiB^  tat  a  tteam-vessel  depends  upon  i1«  fbnu  and  tonnage,  and  the  speed  at  which 
it  is  moved. 

Steam  vesvels  are  generally  made  very  bi^  in  proportion  to  their  breaddi,  and  flnely 
wedge-shaped  at  each  end,  so  as  to  cut  through  the  water  widi  as  litQe  resistance  as  pos- 
sible. In  vessels  of  similar  form  and  proportions  the  power  required  to  produce  a  given 
speed  is  neaiiy  as  Ibe  tonnage.  But  a  very  slight  increase  of  speed  demands  a  very  consi- 
derable  angmentstionof  power.asniaybethiiscstinsted: — To  double  tbe  speedof  a  ves- 
sel it  is  necessary  to  pSsb  aude  double  the  quantity  of  water  in  a  given  time,  and  to  imped 
this  waterwifitdonble  the  velocity,  and  therefore  toencounter  four  times  tbe  resistance; 
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and,  «a  the  apeei  ot  Ott  eDgines  miut  lie  at  least  doubled,  the  power  expended  in  a  given 
e  must  be  at  lent  eight  -Uibg*.  Oeaenlly  tlie  power  may  be  taken  as  the  cube  of  the 
_  id,  Of  rathM'  bore.  I^  for  example,  a  pair  of  engines  working  to  100  hoTBe-power 
propelled  a  vewel  at  the  rate  of  S  knots  (naatiMl  miloi)  per  hour,  we  should  have  to 
woA  the  engines  up  to  ZOO  bone-power  io  attain  a  speed  of  10  knots  per  hour ;  because 
while  tite  cube  ofS,or8XSx8  =  S12,  &6  cube  of  10  is  lOOO,  nearly  double  of 
fil2,  and  tbetefote  the  power  in  the  one  cue  must  be  donUe  of  tliat  in  the  other.  The 
ime  Uw  apptiea  m  the  caae  of  vesnls  propelled  by  a  screw. 
The  prinoiple  on  lAich  the  screw  aoti  as  a  propeller  may  he  best  imderatood  hy 
oonaidering  the  action  of  a  windnuU  tevened.  The  screw  ^erslly  consists  of  two 
inclined  blades  (Fig.  211)  projectii^  bam  an  axis  tnounted  in  bearings  in  what  is 
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called  the  dead-wood  of  a  vessel,  or  the  part  of  the  stem  immcdiiitKly  before  the 

~  der.     The  screw-shaft  v/cake  through  a  wstcr-tiglit  tube  fixed  in  the  dead  wood,    I 
and  is  put  in  motion  by  the  engines  fixed  in  tlie  body  of  the  TCSBel.     The  whole  screw 
is'immersed  under  water,  and  the  hlsdea  are  of  euch  size  that,  looking  endways  on  the 
shaft,  they  appear  to  occupy  each  about  one-sixth  of  the  circle  which  circumscribes   1 

The  pileh  of  the  screw  depends  on  the  obliquity  of  ttie  blades  to  the  plane  of  the  i 
circle,  and  this  obliquity  increases  from  the  circamference  towards  the  centre,  because 
the  parts  nearer  the  ceatre  travel  with  less  circumfcrcntisi  velocity,  and  yet  the  water 

passes  them  with  equal  longitudinal  speed.    When  wo  say  that  a  screw  has  twenty-feet  [ 

pitch,  we  mean  that  if  the  sctew-hlado  were  continued  through  a  complete  revolution  ■ 

I'ound  its  axis,  any  straight  line  drawn  parallel  to  the  aib  would  out  two  portions  of  the  ' 

blade  at  points  twenty  feet  apart    Did  the  screw  in  revolving  through  the  water  put  [ 

the  Utter  in  motion  at  such  a  rate  as  precisely  to  glide  along  its  blades  in  straight  lines  . 

parallel  to  the  aiis,  every  revolution  of  the  screw  would  move  any  portion  of  water  es-  i 

poaed  to  it  through  a  length  of  20  feet     But,  practically,  the  water  is  almost  at  rest,  ] 

and  the  screw  worms  its  way  through  it,  having  to  put  in  motiou  the  vessel  to  which  it  I 

is  connected,  and  a  certain  dip  occurs,  or  the  speed  with  which  the  screw  and  vessel  ' 
travel  throi^h  the  water  is  less  than  that  due  to  the  obliquity  of  the  screw  by  about  2S 
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or  30  per  cmt.  If  ve  npp«M  thit  a  ttitv  of  SO  &et  pitch  mikes  60  lerotaHtmt  pa 
minute,  any  pmnt  in  iti  nii&ce  widumt  >lip  would  more  throng  20  X  60  =  1200  feet 
Lm^todilMlljpeTminate,  or  1200  x60^73000feet^l2kDot>*nIuniriieail7.  Bat 
allowing  twenty-fiTe  per  cent,  or  one-foaith,  tor  alip,  the  aetoal  apeod  would  be  nine 
knot!  perhonr. 

Althon^  acrew-pTopenen  hare  not  la  yet  been  applied  in  inch  a  manner  a*  to  j 
dace  apeed  equivalent  to  paddlea&om  a  giTen  coniumptiDn  of  fuel,  yet  the  advantt^ea 
reealting  from  ihai  small  bulk  and  wei^t  aa  oompared  with  paddlea,  from  their  being 
arranged  in  a  pkce  aloMft  inMceMJUe  to  shot,  and  in  nich  a  manner  that  they  do  not 
inteiftre  with  the  ariling  qntlitieaof  the  Tewel,  aiemch  aa  to  &rour  their  general  adop- 
tkm  in  the  navy  as  well  aa  in  die  mercantile  marine. 

It  would  be  beyond  the  limits  of  a  woA  like  thii  to  enter  upon  the  oonrideration  of 
the  Tarioos  fbrms  and  details  ot  enginef  suited  for  epecial  pnipoees.  We  bare  endea- 
voured only  to  present  a  few  leading  outlines  of  their  general  arrangementa,  and  of  the 
eonstructim  of  parts  more  or  leaa  common  to  alL  Peculiaritiea  of  site,  of  purpose,  and 
BTeu  of  taate,  dictate  peculiarities  of  arrangement.  There  cannot  be  taid  to  be  any 
ieau-Hml  or  perfect  eianple  of  a  steam-engine ;  bnt  modente  attention  given  to  the 
leading  features  of  efiectiTe  engine*  will  better  enable  the  practical  atadent  to  appre- 
ciate advantages,  and  detect  erroia  of  design  and  conatructjon,  than  tlie  etudy  of  the 
beat  drawings  or  deseriptknis. 


THE  COMMUNICATION  OF  POWBE. 

The  eommmucati<m  of  power  is  really  tbe  coamunieation  of  motion,  for  power  im- 
plies change,  and  change  of  place  is  motion.    A  column  supporting  a  weif^t,  communi-    | 
catcs  the  pressure  of  Ihe  weight  to  its  foundation ;  and  a  string  suspending  a  load  from    ' 
a  hook,  communicates  its  tenmon  to  the  hook ;  but  in  neither  of  theae  casea  is  power   ■ 
communicated,  fbr  no  change  is  effected :  time  forma  no  element  in  the  question,  tho    | 
same  atnin  being  conveyed  to  tha  point  of  aapport  in  an  instant  aa  there  is  conveyed  in   ' 
a  century.    But  if  the  column  or  string  be  in  motion  like  the  piston-rod  of  a  steam-    { 
engine  puabing  or  pulling  against  a  resisting  force,  not  only  is  tiie  presanre  acting  on 
tlie  piston  convej'ed  through  the  rod  as  a  simple  strain,  but  it  is  also  conveyed  through 
a  certain  distance  in  a  certain  time,  or  at  a  certain  velocity,  and  can  by  ita  motion  eflbct 
changes  on  materials  presented  to  it,  proportioned  to  the  amount  of  power  developed, 
and  t^  time  during  which  it  acts.    TiMpotctr  of  any  mechanical  sxrangement,  there- 
fure,  means  its  capability  of  effecting  change ;  while  ile  aork  means  the  quantity  of 
change  effected.    The  meet  simple  kind  of  change  which  we  can  contemplate  is  that  of 
position ;  and  we  therefore  take  change  of  position  or  motion  as  the  measure  of 
element  of  work  done.    The  most  simple  notion  aa  to  quantity  of  change,  is  tht 
mass  or  weight  of  material  moved ;  and  we  therefore  take  weight  as  the  measnt 
Bnother  element  of  work.     Lasfly,  we  estimate  the  cspabilily  of  effecting  change — that 
is  to  say,  power — by  the  time  required  for  the  work  done.    The  greater  the  mass  moved, 
the  greater  the  distance  over  which  it  is  moved,  and  the  Itaa  the  time  occupied  in  the 
motion,  the  greater  the  power  developed. 

An  engine  of  10  horse-power,  means  an  engine  capable  of  moving  10  times  the  m 
that  can  be  moved  by  an  engine  of  1  horse-power  over  a  given  distance  in  a  ^ven  time,    ! 
or  of  moving  the  same  mass  over  10  times  the  distance  in  the  same  time,  or  of  moving 
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in  iVth  °l  the  time.    Power,  indeed,  U 
'e  know  the  picuuiei  uid  ' 
■a  compare  their  powers  bf  comparing  the  pn>- 


pre«sure  multiplud  by  Telocity ;  uuit  if  w   ' 

cated  thiou^  any  traini  of  machinery,  v 

duct*  of  Hieie  factm^ 

a  a  mmple  law  of  mechaniea,  udmitting  of  no  exception,  that  whatevur  he  the 
or  Domplicfttion  of  uiy  mechanical  airangement  fay  which  power  w  conveyed, 

wluteTer  be  the  power  applied  to  move  it,  the  rame  power  would  be  given  out  fram 

orety  part  of  it,  provided  no  waste  ooouned  from  friction.    And  the  more  perfect  the 

ccautruction  of  tlie  machinery  in  rei^ct  of  nuoothneu  of  rubbing  niiiacei,  the  a 

neatly  a  this 


If  w 


any  of  the  mm- 
ple mechanical 
powers,  muih  u 
the  lerer  AB  A 
(Fig.  212),  ca- 
pable of  vibra- 
Mi  the 
fulcmm  F,  we 
observe  that 
when  A  F  is 
equal  in  length 
to  FB,s  weight  w'' 


or  when  AF  u  twice 


of  10  Ibi.  hung  from  A,  boUnoes  the  a 

F  0,  a  weight  of  10  lbs.  at  A  balances  20  lbs.  at  C. 

Such  is  the  law  for  more  prenore  or  woi|^t  without  motion ;  but  wlien  we  oonsider 
the  qoettion  in  respect  of  power,  we  have  to  imagine  that  tiie  lever  vibratet  o 
fulcmm,  so  thst  every  point  of  it  detcribei  ft  portion  of  a  oirole  round  the  cent 
We  may  suppose  one  such  vibration  e'ffiacted  in  a  second,. and  that  the  aro  deioribed  by 
A  measures  2  feet  in  lei^th,  then  will  the  am  described  by  C  be  Ifootlong;  andlOIba. 
rt  A,  moving  throngh  2  feet  in  1  second,  develops  the  same  power  as  20  lbs.  at  C  moving 
through  1  foot  in  1  second,  becwwe  10  X  2  =  20  X  1 ;  the  productaof  the  pressures  by 
the  velooitiea  are  equal  in  both  cases.  We  might  Unca  the  same  law  through  all  the 
simple  mechanical  powers,  and  through  all  possible  combinations  of  them;  that  ii 
say,  through  all  possible  arrangements  of  machinery. 

The  practical  application  of  this  law  in  calculating  tie  proper  strength*  and  pro- 
portiana  of  parts  of  machines  is  exceedingly  simple. 

In  a  machine,  for  jn»tance,  raovod  by  1  horse-power,  whenever  we  can  ascer- 

L  the  velocity  of  any  part,  we  can  find  at  once  the  pressure  or  BtrMn  p 
tiroiigh  that  part.  One  horse-power  is  rectoncd  as  33,000  lbs.  moved  1  foot  per 
minute ;  if,  then,  some  plut  Of  the  machine  iu  queetion  were  found  b 
10  feet  in  1  second,  or  600  feet  in  I  minute,  we  sUonld  at  once  know  that  the 
train  on  that  part  is  equivalent  to  a  pressure  of  55  lbs.,  for  65  lbs.  X  800  feet 
=  33,000 lbs.. X  1  foot  As  a  practical  eiample,  let  us  suppose  that  in  some  part 
f  a  machine  worked  by  6  horae-power,  there  U  a  wheel  7  feel  in  diameter  revolv- 
ing 30  times  in  a  minute,  and  that  wa  desire  to  estimate  the  pressure  on  the  rim 
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of  that  vhe«l,  m  the  reaisting  fbrM  vhieh  would  h>TB  to  ba  qi^iad  to  Wuue  iti 
rot«i7  force. 

The  cinmHLfereDoe  of  a  wheel  T  feet  in  dianetcr  ii  32  feet,  and  thii  nMriag  30  times 
tonnd  in  a  minute  has  a  velocitjr  of  22  x  30  ^  660  feet  per  minute ;  the  power,  5  hone, 
i»  qwTalent  to  33,000  Xfi  =  163,000  lbs.  moved  throui^l  foot  pei  minute,  oi  2dO  Iba. 
moved  througli  660  feet  per  minute.  Tho  strain  Ml  the  lim  of  the  wheel  ii  therelliu« 
equivalent  to  250  Iba.  Genontlly,  the  rule  for  utimating  the  nrain  (in  Iba.)  of  any 
port  ia  to  divide  tho  power  (oipieised  tn  lb«.  morod  over  1  foot  per  minute)  bj  thu 
velocity  of  the  pan  (In  feet  per  minute). 

The  hind  of  motion  moBt  coQTeniently  conveyed  through  machinery  is  rotary  motion  ; 
and  the  chief  aubjiict  of  our  inquiry  will  be  as  to  how  this  can  he  conveyed  and  con- 
verted info  motions  of  anotier  kind,  8Uch  as  vibratory  or  reciprocating  movements. 

A  shaft  or  epindle  is  a  rigid  bar  of  metal,  or  sometimes  of  wood,  eaused  to  rolAto 
rouad  its  aiia,  and  capable  of  conveying  the  rotary  motion  given  to  it  along  its  wholo 
length,  and  giving  it  off  at  any  point  to  machinery  connected  with  it.    The  Iraglhs  of 
shafla  are  limited,  in  consequence  of  the  difficulties  attending  their  construction  in  great 
lengths.     I^rge  shafts,  auch  as  are  used  foi  the 
paddles  of  niarine  engines,  are  aometimea  20  or  3U 
feet  long ;  but  smaller  shaits  seldom  exceed  10  or 
12  feet  in  length.    When  greater  lengths  u^  re- 
quired, the  shafts  have  to  be  coupled  or  connected 
together. 

Fig.  213  represents  a  aimple  eoupliog  for  round 
wTougbt-iron  ^afta.  A  and  B,  the  ends  of  the  two 
shafts,  being  nicely  rounded,  an>  inaerted  into  a 
cylindrical  box  bored  to  fit  them,  and  having  a 
groove  or  keyway  cat  atong  its  interior  suriiico 
contaponding  to  groores  out  in  the  shafts.    Theso 


gnwrea  an  fiOed  by  keys,  D  B,  made  slightly  tq>eT,  and  driten  tightly  in  iron  each 
end.  One  of  the  shafts  A  being  cavsed  to  rotate,  nuat  cany  t^  coupling  round  with 
it,  and  also  Ute  other  shaft  B,  because  the  keys  prevMt  eitbei  shaft  from  slipping 
round  within  the  conplinf,  or  the  eoupUnf  &oa  slipping  round  either.  Li  making 
such  a  ooupling  of  cast-iron,  the  ftdlowing  proportions  wiH  ba  faand  ptaotioally  atBt- 
able : — External  diameter  of  coupling  double  that  of  shaft ;  length  of  ooutding  Amo 
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timoa  tlw  duuoaler  of  ahaft ;  width  of  k«j,  ono-franh  tiie  ditwotw  of  ib»H ;  metm 
deptli  of  key,  one-lulf  ils  width. 

Tha  beja  ihould  be  m&de  witli  g&-luatU,  as  shDwa  in  the  figure,  ao  that  they  may 
ba  driven  ouC  when  requiisd  b;  ^plying  a  piece  of  iron  rod  to  the  proj  ecting  port  and 
Btriking  it  with  a  hammer,  ai  maiked  by  the  dotted  lines  F,  or  by  driving  a  wedge 
between  the  gib-luBd  anil  the  couplinf  ■* 

Some  engineei*  in  coapUng  the  ehafis,  halre  them  over  each  other,  as  in  Fig.  214,  and 


insert  a  tsperetl  key  in  a  gTOOva  formed  in  the  coupliag  only,  ita  inner  surikce  fitting 
the  ehoila.     Such  a  key,  called  technic^y  a  hellov  ity,  Grom  the  hollowing  or  con-    | 
cavity  of  ita  inner  surfiu^  tigkteM  \if>  ntufling  twj  irvdj  on  Hk  th&lk     Th<e  jtiw- 


Mi^ling  contitts  of  two  disci,  With  projecting  boescs  keyed  on  the  ends  of  the  shafts 
fttdng  each  other,  held  together  by  four  or  more  bolts  and  nute  passing  through 
corroipondinB  hob*  in  tlie  two  discs. 

•  A  "  key,"  nud  fOr  "■'"r  »  coupling  or  »ny  other  pleoe  of  macUjiery  on  s  ronml  shaft,  Is  i 
rfece  of  iron  or  steel  of  psrillel  breadth,  but  sllghlly  tapered  in  thlokniM,  m  that  on  drifiiig  it  into 
the  "keyway"  wrwUM  pnnicled  (m  it.  It  .cl>  as  »  wsdie,  jnwdn*  the  iqtpoalU  miriace  tt  tha  iluft 
■aiUiutthBtarthBlule.  A  "toMkBr''i»  alley  of  equal  breadth  and  thickniKstlumigboui.flll^iDlo 
a  reeeig  lo  the  shift,  nd  pfojectliig  from  it  into  a  slot  formed  in  the  hole  of  the  coopUng  or  other 
buss,  which  eim  tluu  slide  aiong  the  shall  longitudinally,  hot  must  turn  with  It. 
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----■  befed  finnlj"  on  the  ibaft  i^  and  i  a  mmiliT  toi 

1— J--'  n    "2  (  II     I    ~j\  cap&ble  of  ilidiDg  loDgitudkully  on  the  shaft 

H.„^  ^       v —  featlter  or  parallel  key,  which  preranU  it  froi 

round  independeaaj  of  c.    So  long  m  the  al 


Sometimes  when  it  ia  deored  that  hy  bo  accidrnt  ihall  the  noTemeiit  of  any  length 
of  aha&uig  be  rerawd,  a  latchetKnapling  i>  applied.    0  (Fig.  316)  ia  a  toothed  ba« 
beyed  firmly  on  the  abaft  i,  and  b  a  aimilaT  toothed  boai 
shaft  e  along  a 
&om  taming 
..  independently  of  c.    So  long  m  the  ahafl  d  m- 
'^'  '*''  Tolvea  in  one  directira)  it  oaniea  the  o&er  ahaft  e  ronnd 

with  it ;  bnt  should  the  rotation  of  if  be  rerened,  the  preasnn  on  the  inclined  tteem 
of  the  teeth  canies  the  boss  h  to  slip  oat  of  gear  with  a,  and  thai  to  uncouple  the  two 

When  it  is  desired  to  couple  ornnconple  twolengtha  of  Aaflingatpleaaure,  arfirfnt, 
like  that  repreaented  in  Fig.  217,  is  generally  employed. 

A,  the  driving  shaft  oa  which  is  keyed  f^mly  a  half  clutdi  C,  having  two  projec- 
tions from  its  bee ;   B  the  driven  thaft,  the  end  of  whkh  rests  in  the  hide  of  C,  and  im 

which  is  fitted,  by 
t feather  or  parallel 
key,  the  other  half 
clutch  D,  having 
also  projections  on 
its  face  ftimilur  to 
those    on    C.     A 


vith  a  ring  E,  put 
together  ia  halvee, 
and   having   pina 


opposite  sides, 

wliich  maybe 

taken  hold  of 

by  hand  or  by 

a  lever.     The 

half  clutch  D 

I    being  d^ble 

I   of  sliding  on 

-    the   ahaft  B, 


ont  of   gear 

-with  C;   aod 
as  the  feather 

prevenla  it  from  turning  on  it*  shaft,  when  the  projecttoiu  on  it  are  inserted  between 
those  in  the  other  half  clutch,  the  shaft  B  ia  caused  to  revolve  by  the  rotation  of  JL 
Sonxetimea,  when  it  ia  denred  that  the  sbain  pasong  fliroogh  any  shaft  shall  be  limited, 
recourse  is  had  (o  frieUoH-eoupiingt.  A  very  common  mode  of  forming  a  fiictioa- 
coupling  ia  to  key  on  one  length  of  shaft  a  boaa  with  a  conical  hole  bored  in  ita  faioe, 
and  on  the  other  to  lit  by  a  feather  a  conical  boss  fitdng  nicely  into  the  ooiucal  bde. 
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yfhea  the  one  ii  pinned  into  the  other,  the  tritAioa  of  the  oonicnl  mirfuM*  oante*  them 
bo  TSTidfe  together ;  but  ihoald  ui  ezcenive  renMsnoe  be  oppoaed  to  the  rotatiim  of 
the  driTen  shaft,  the  iiiotioQ  of  the  sur&ces  prorM  iDBufflcieot  to  orercome  it,  and 

tie  cone  ou  the  driving  tball  elipa  mund  th«t  <m  the  other  without  driving  it. 
When  two  ehnfla  not  lying  in  the  eame  ttndgbt  line  •>«  to  be  coupled,  reooune  is] 

D  a  uniTmal-jfant.    On  each  of  the  two  ihaftiAuidB  (Fig.  218)  iakejedafoAiintlie 


Ii  of  which,  Bt  C,  D,EsndF,  are  piTotcd  die  ends  of  acroieG,  bo  as  to  permit  its 
partial  rotation  on  either  of  its  two  aiea  C  D  or  F  E,    On  A  being  caused  to  revolve, 

the  cross  is  car- 
ried with  it 
round  its  Matrn 

E  F  also  rotate 
round  t^  aune 
centre,    giving 

to    the    other 
U>A  and  ifaaft 
B,  the  pivoting 
of  the  cross; 
mitdng    it 
late  its   poeition  to  the  varying 
of  the  forks  during  thoir  rotation, 
two  shafts  are  not  quite  in  the  same 
ine,  but  nearly  so,  thej  may  be 
y  cranks.    The  ihsft  A  (Fig.  119) 
ik  and  pin  C  keyed  on  to  it,  and 
the  shsit  B  has  also  a  crank  D,  with  a  slot 
cutinittoreceive  Diacnuik-pinof  C.    The 
I   ion  must  be  sufBoiently  long  to  allow  for  the  departure  of  the  two  cranks  from  each 
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ei  hj  obUqnitj  of  poation  (as  mdinted  bj  the  dotted  lme»  rejwwnting  them  at  tfao 

oppcmUtfoatottheamotatioo);  and  the  length  of  the  alM  mnit  be  nidi  ai  to  allov 

tor  the  di&emiee  of  level  of  the  tiiro  ahafti. 

The  bouiiigs  in  vluch  (baAi  KTOlve,  an  techiucall^  called  jnUMV-Moab  or  ;i2>i«j«CT<- 

Uteti.    They  are  gsDerallj  made  of  two  pieoee  of  caet-iron,  the  Abm  A,  aad  the  aap  B 

lined  *ith  gon-metal  iiuAtt  C,  each  half  a  cyliBder. 

The  bate  ii  receMed  to  receive  projectiiig  parta  of  the  cqi ;  tmd  two  bolta  B,  with 
nuts  at  their  n^er 
ends,  pan  throng 
holes  in  hoth,  so 
to  aecnre  the  cap 
fimlf  on  the  baM 
when  the  ahaft  hat 
been  laid  in  it* 
place.  Thebase  has 
projecting  flanges, 
with  holes  £ 
through  which 
bolts  pasa  for  ee- 
curing  the  plant- 
mer-ilott  to  the 
beam  or  frame  on 
which  it  may  be 
fixed.  These  holes 
are  lengthened  to 
penult  a  little 
tiansverae  adjust- 
ment of  the  f  lum- 
mer-block.  The 
cap  has  geuendly 
aa  oil-cup  in  its 
upper  part,  with  a 
projecting  nipple 
perforated,(hraugh 

WJ-  "■■  wick    coflYcya    a 

ipply  of  oil  to  the  anrface  of  the  abaft,  acting  Uke  a  ^hon  by  capillary  attraction. 
The  irasia  0  are  Mioetimca  made  square  or  octsgoosl  in  their  outer  surlacM  to  prevent 
them  from  turning  round  within  the  plununer-block ;  or,  when  th^  ate  quite  cylindrical, 
anall  studs  or  stcody-pins  H,  projecting  from  them  into  holes  in  the  cap  and  base,  answer 
the  same  purpose.  The  shaft  baa  coUara  F  or  parti  of  larger  diameter  ontaide  the 
brasses,  and  the  bneses  have  lips  or  flanges  to  prevent  the  eboft  from  moving  longitudt- 
nally.    Aa  the  shaft  or  braasea  wear  from  the  constant  friction,  the  cap  and  upper  brass 

be  more  ti^tly  screwed  down  by  the  nuts  of  the  bolls  D,  which  are  often  mi 
doable,  so  that  the  one  nuttlghleas  the  other  in  its  place,  and  prevents  it  from  becoming 
loDoaned  by  tiwahaking  of  the  machinery. 

Of  late  years  many  bearings,  instead  of  bong  fitted  with  gnn-metal  bushes,  have 
een  lined  with  a  soft  netal,  in  which  tin  is  tlie  principal  ingredient. 
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cait-irm  cap,  tmd 
B  the  Iwae,  cut 
with  &  hole  Urgei 
tjjan  tho  shall. 
D  B  soft  loetal 
liuine*,  fiUiDgtbe 
■ptce  between  the 


a  of  abeanng  lisedvith  soft  meW!  A  t^ 


The 


■haft,  c 


of  equal 

lise,    being    eup- 

ported  in  the  hole 

of  the  beuing,  the 

soft  meUl  mflted 

il  poured  into  the 

^ace ;  and  if  the  iron  hai  been  preriouily  heated  to  neacly  the  molting  tampenilute  ot 
thfi  soft  metal,  the  latter  on  oooJing  pre- 
sents a  smooth  intenLol  Bur&ice,  in  which 
the  shaft  reTOlTes  with  little  frieUoa  or 
wear.  A  very  good  soft  metal  for  diis 
puipo*e  coDsiata  of  tin  sod  lead  in  equal 
proportions,  Wlitn  it  is  inconvenient 
to  form  collars  od  the  shall  to  prevent 
longitudiDsl  motion,  rings  E  bored  tx>  £t 
the  shaft  are  put  on  and  kept  in  tiieir 
places  by  tighWning- screws  prasdng 
BgaiDBt  the  shaft. 

When  it  is  not  conveaient  to  rest  a 
shall  in  plummer-blocks  supported  on 
Vails  or  beams,  Uiey  may  be  made  to 
Terolre  in  hanging  bearings  screwed  up 
to  a  beam  above.  These  bearings  may 
be  lined  ■«  plummel-bloc^  with  gun- 
metal  or  soft  metal,  and  the  cap  tightened 
down  by  a  setting-aorew,  as  indicated  in 
Fig.  232. 

When  it  is  desired  to  convey  motion 
from  one  shaft  to  another  lying  patallel 
to  it,  each  shaft  has  a  imiltj/  or  dnm 
flttaohed  to  it,  and  round  ^leir  eirciim~ 
ferences  a  iuiiblo  strap  or  band  is  tightly 
strained.    Thus  .  and/ (Fig.  223)  being 

ponlkl  shaft*  at  B<me  distance  spait,  a  pulley  a  is  kof  ed  en  the  raw  and  a  polley  i  on 

the  other,  the  flexible   strap  passing  round  both.     On  rotary  motion  being  given 

to  the  shaft  a  and  its  pulley,  the  fricdon  between  the  strap  and  its  circumference 
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pat*  tlw  former  ia  motion,  ind  it  oonveyi  the  lottlion  to  i  and  its  ihaft  in  the  lame 

dinolion. 

Vhen  it  ia  deniel  to  leroM  the  ^teetioD  of  lotatian,  the  rtimp  i«  enMud  (Fig.  221}. 
iJio  when  m  difibnnt  ttignlar  Te> 
looity  of  ratitiaD  ii  deiiMd,  the 
pullej*  are  mftde  of  difficeat  ai 
If  we  auppoa*  tlutt  the  diiTing  pnUef 
haa  a  oircom&rcnce  of  6  fwt,  and 
the  diiTCQ  pullef  a  oi 
3  feet,  half  the  fonnet;  dace  the 
atrap  Invela  at  the  uiiie  nte  with 
the   ciroumfemioe  of   the   driTiug 


Tlt.tn- 


pnllef,  and  oauaea  the  cinsumfBrence  of  the  driven  pullej  to  more  rotutd  with  e^ual 
Telocity,  it  ia  clear  that  the  Iktter  muat  nuke 
two  tevolutioiia  round    its   axis  whDe  the        S^^.^ 
iomietBuikeaone;  or  that  the  anpilar  velocity 
of  tba  imoller  pulley  ia  juat  double  tlut  cf    ^\_ 
the  larger,  becaxae  »t«  circumfarence  ia  half  Flf.  !M. 

the  length.  If  we  take  the  oircumferencea  in  any  other  ratio  we  ihould  find  the 
tUr  Telociliea  in  the  invene  ratio.  Aa  the  ciromnferencM  of  circlea  am  exactly 
proportional  to  their  diametcra,  the  angalar  TelocitieB  cf  puUoya  connected  by  atrapa 
aro  inversely  as  their  dianeten,  or  the  diameter  of  each  pulley  multiplied  by  ita 
speed  g^vea  a  tike  product.  In  calculating  the  apeeds  doe  to  given  dimensiona  of 
pulleys,  or  the  dimensions  suited  fbr  given  apeeda,  we  have  therefore  the  fallowing 
simple  rules : — 

Griven  the  anguho'  velocity  of  one  of  two  pulleys  (in  the  number  of  revolutions  per 

linnte)  and  the  diameters  of  both,  to  find  the  speed  of  the  other. 

Suit, — Multiply  the  apeed  of  the  first  by  tta  diameter,  and  divide  by  the  diameter  of 

the  other. 

SxampU. — A  pulley  3B  inehea  in  diameter,  making  80  revolutiooa  per  minate,  drives 
a  pulley  24  inehea  in  diameter :  required  the  apeed  of  the  latter. 
— 5" — ■  ^  120  revolutiona  per  minute- 
Given  the  angular  velocities  of  two  pulleys  and  the  diameter  of  one,  to  find  that  cf 
the  other. 

Ibilt. — Multiply  the  speedofthefirstbyltn  diameter,  and  divide  by  the  speed  of  the  other. 
Sxamplt. — A  pulley  24  inches  diameter,  nrnking  120  revolutions  per  minute,  drives 
another  at  SO  revcdntioa*  per  minute :  required  the  diameter  of  the  latter, 
120  X  24        ,„  .     , 
—80—  =  ^^  "'"''™- 
Pulleysareoflenoombined  with  direct  or  croased  straps,  as  may  be  required,  in  order  to 
vary  tho  velocity  and  direction  of  rotation.    Thus  the  pulley  A  (Fig.  225),  24iiiohesdia- 
metsT,  revalviag  at  the  rate  uf  10  revolutionB  per  minnte,  drives  B,  12  inehea  diameter,  at 
20  revolutions,  because  — ^— "  =  20.    On  the  shaft  of  B  U  fixed  a  pulley  C,  36 
inches  diameter,  revolving  at  the  same  apeed  with  B,  and  driving  D,  12  inehea  diameter, 
by  a  crossed  strap  at  60  revolutions,  bectose  — ^ — =:  60.    Again,  c 


,H>|C 


CONICAL  PDLLEIB. 


nrrolTUig  witli  ft  speed  of  60,  uid  driTinf  F, 


lof  aU  the 

■  drivew  A,  0,  ng,  m. 

and  E,  and  dividing  by  the  product  of  the  diuneten  of  thoM  driven,  B,  D,  and  F ;  or 
—  — —  ^  180  revolutiOM,  the  ipecd  of  F. 

lo  haie  the  power  of  Tsiying  the  speed  of  madunerj 
driven    by  a 
pulleys  are  elongated  and 


give  the  speed  required. 

Thus,  if  usbe  Ihs  driving- 
shaft,  revolving  24  times 
per  minute,  and  it  be  de- 
urable  that  ib  shall  be 
driven  at  any  speed  froiD 
8  to  72  revolutioos  per 
minute,  each  pulley  being 
made  conical  vith  the 
larger  end  3  times  the 
diameter  of  the  smaller, 
the  atnp  e  may  be  ahiiled 
to  the  o&er  to  give  the  dedied  variation  of  speed.  Nor  ia  the  tightness  of 
irially  altered;  for  as  it  is  made  lo  pass  round  a  larger  circnmfireaee  of  the 
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:«  of  &«  athar,  asd  gaiia  neaHy  ■ 
it  loan.  Host  of  the  """>""""  that  an  < 
•tl^M  do  Dot  raqniie  * 
Telocity,  but  actVGTjirellat  TarionaapseAvtIltiii 
certain  limiti.  Iq  inch  caaei  tlie  conical  pnlkya  m 
made  irith  refoUr  Mepa,  or  conaiat  each  of  k  art  oT 
pulleja  placed  aide  by  aide,  having  diameten  i 
creaaing  as  mncb  in  Ae  one  M  they  Jeersaas  in  the 
other  (Fig.  S2T).  Thui,if  thedriTin^-AiftHaka^S 
KToluliODaper  minute,  the  driTeBilialt  May  be  iMte 
to  rerolTe  at  (be  faUowing 
-,:_48X 


16 


=  192,48X^^=72,  J 
X  ^  =  32,  and  48  X 

^  12  revolutiona  per 


Occasioiuilly,  a  strap 
may  be  employed  when  it 
is  desired  that  tbe  motioTi 
shall  be  changed  tranS' 
veraely,  at  indicated  in 
Fig.  22S.    In  siioh  a  cue  ^  jj^^ 

^-  ^'  it   is   necessary  to  have 

',  Tery  wide  pulleys,  a  and  i,  because  the  two  parts  of  the  atiap  eandimmtpaaiaUiqacdy 
1  over  their  surfeici.  This  mode  of  employing  a  strap  is,  howorer,  very  disadvantageous, 
,  for  the  strap  must  be  continually  slipping  longitudinally  along  tho  lace  of  each  pulley, 
J   and  tlicreby  be  subjected  to  friction  and  wear. 

j         In  a  manufactory  vhere  numerous  machines  are  employed,  it  is  essential  to  havs  a 
rcadymeansof  throwing  any  of  them  intoaction  or  ont  of  aotionatploasure.    When  the 
maclune  i<  driven  by  a  strap,  this  opera- 
on  is  eoDvenlently  effected  by  what 
re  called  the  /ml  and  joou,  or  the  live 
id  dead  pulleys ; 
I    pulleys  of  equal  siKe  placed  side   by 
side  on  the  shail,  one  being  firmly  fixed 
to  the  shaft  by  a  key  ao  as  to  revolve 
with  it,  while  the  other  levolves  freely 
la  dke  abaft.    When  it  is  desired  to  put  the  machine  in  action,  the  band  is  put  oi 
fiat  pulley,  and  thus  gives  mation  to  the  abaft  or  receivuB  motion  from  it.     For  throwing 
the  band  JB  Bhifled  on  to  the  circumference  of  the  tooM  pulley, 
shaft.    The  shifting  of  the  strap  frvm  the  one  pulley  to  the 
B  of  tbe  ttn'iiisg  gear,  a  forked  lever /«i<  (Fig.  230]  moving 
ts  forked  part  d.    By  pulling  round  tlie 


le  machine  oi 
i    which  revolves  idly  oi 
!   Other  is  effected  by  r 
!   on  a  pivnt  r,  and  holding  the  strap  c  within  il 
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handU  /  of  the  l«Ttr,  the  twod,  being  preMed  edgewayi  by  one  dde  <f  As  IbA,  ii 

puched  gndnallj  <m  to  tlie  tatt  pvHej  a  or  the  loote  pulley  i  Kt  pleurae.     It  vonld  be 

difficult  Ibni  to  ibift  a  tight  itrap  when 

at  net;  but  vbile  It  is  in  matian,  mth 

the  preaaure  of  tbe  fork  directed  on 

it,  it  is  gradually  edged  off  trom  ita  , 

former  podtioa.     For  thia  reaaon,  the 

/rn(  and  jtsM  pnlley*  ihould  always  be 

plkood  on  the  driven  shaft,   becauae, 

were  they  pUoed  en  the  driving  Attt,    -  -^ 

the  band  Whan  on  the  Ioom  pulley,         ) 

being   at   met,   could   not   eauly    bo 

ahifted. 

In  Older  that  atrape,  which  are 
generally  made  of  leather  or  fvtta- 
ptrdtaf  may  Mt  well  widiovt  dipping 
ineibctirdy  aliHig  Ae  luiface*  <if  the 
polfeyi,  thef  Aonld  be  Ughlly  etMfaied 
into  their  place.  The  pulley*  diould 
be  turned  ime  and  emooth  on  their 


ng.3M. 


oireunfenDces,  fbr  the  emootber  the  polloy,  the  more  driTiog  fiiction  appean  to  take 
place  between  its  ani&ce  and  that  of  the  stnp.  When  the  strap  is  not  suffldently 
tight,  or  doe*  not  take  snffldent  hold  of  the  pulley  to  drive  the  machi&eiy  with  whidi 
it  is  C0[Liteot«d,  it  tnuit  be  nude  of  greatM'  breadth,  and  atnuned  more  tightly.  Sdj 
timee,  when  a  strap  slips,  powdered  resin  is  atrewn  upon,  ita  inner  auj&ce  with  good 
efiect.    The  greater  the  arc  of  the  circumibfcnM  wUoh  a  atr^  embruccs,  dte  firmer  ia 

ita  hold,  or  &b 
lets  tendency  has 
it  to  slip  ;  and  the 
greater  the  width 
of  the  strap,  the 

hold.  The  diame- 
ter of  the  pulley 
does  not  aiHect  the 
Blip  of  the  stnip, 
except  when  the 
diameter  is  Tery 
small,  while  the 
atrap  li  rigid,  and 
not  easily  bent 
closely  round  the 


Wemstraptper* 
fectly  flexible,   it 
^^■^*-  would    ba    found 

that,  with  a  giTen  breadth  and  tightoesa,  tbe  drivisg  power  would  be  the  same  foi 
of  pulleys. 


„Gooj^lc 


MS  TOOTBKS  eZABDie. 

It  it  often  ixHiTeiuent  to  lue  oyliadiioal  bands  or  coidi,  made  of  catgut  or  gatt«- 
pcrulit,  instead  of  flat  itiapa  (Fig.  231).  In  nich  caaea,  the  pulley  ia  graoved  in  the 
dTCumfeT'ence,  and  tlio  hand  vodgea  itself  into  the  groove,  and  thus  eierta  lufficient  &ic- 

OQ  the  eircmnfervnCQ  for  (he  commiuiicatioii  of  power  &oin  one  pulley  to  anotJ 
The  principal  advantage  of  bands  of  this  kind  is,  that  by  means  of  guide  pulleys, 
A  md  B,  floored  in  the  circumtecence,  tlio  band  may  be  led  in  almost  any  diiectitm  on 
the  [dane  of  the  pnlley,  or  oblique  to  it. 

Itnpa  are  beat  suited  for  machtn^y  driven  at  high  tpeeds,  with  small  pressures ; 
they  are  cheap,  oonrenient,  and  cmooth  and  noiaeleaa  in  their  actioa ;  and  vhen  any 
le  strain  comes  upon  the  machinery,  they  slip,  and  thus  act  as  a  safeguard  against 
damage.  But  for  all  machinery  intended  to  communicate  heavy  stnuna  throi^  theii 
parta,  as  in  cnmes,  and  vbenever  ovrtsinty  of  connection  between  one  moving  part  and 
another  is  required,  as  in  dockwoA,  recourse  must  be  had  to  gtarinj,  or  toothed 


Tootliea  WkeelB.— Were  -we  to  mount  ti 
iicmnteaioea  toueh  each  other,  by  causing  the 


wheeb  on  parallel  aie«,  so  that  dieir 
le  to  revolve  we  should  also  cauae 
other  to  revolve,  provided  the  friction  between  their 
surfaces  at  the   point  of  contact  vera  sufficient  t 
overcrane  such  resistance  as  might  be  presented  to  th 
rotation  of  Itte  driven  wheel.    PncticaUy,  this  Mo- 
tion is  not  snf- 
Scient  in  ordi- 
nary cases,  and 
it  beeomei  ne- 
cessary to  flt  the 
■   cogs,  or  projec 
I   and  recesses  at  corrcqionding  intervals.  Fig.  VA, 

Bo  that  each  tooth  of  the  one  fits  suceesuvely  into  each  recess  of  the  other.    By 

arrangement,  the  direction  of  rotation  is  reversed,  as  indicated  by   I 
the  arrows  in  Fig,  232.    "When  it  is  desired  that  lie  direction  of 
rotation  be  retained  the  same,  it  is  twice  reversed  by  the  int 
ductioD  of  an  intermediate  wheel  (Fig.  233).     Sometimes  wheels 
are  geared  internally  h  (Fig.  234),  where  n  is  a  portion  of  the  or 
and  i  b  part  of  the  circomferenco  of  the  other.     In  this  cai 
the  direction  of  rotation  is  not  reversed. 

By  means  of  toothed  gearing,  the  angular  speed  of  rotation 
may  be  altered  at  pleasure,  as  will  be  evident  fi?om  the  following 
cODSidciations,  The  wheel  a  (Fig,  232]  has  46  teeth,  and  therefore 
durii^  each  revolution  presents  4f>  successiTe  recesses  for  the 
teeth  of  h,  which  number  22.  For  every  revolution  o 
therefore,  b  must  moke  2  revolutions  and  advance  the  space 
Kk.  !M.  gf  J  (|„^^  because  2   X  22  +  1  ^  45 ;  during  2  revolntions 

of  0,  £  makes  4  revolutions  and  2  teeth ;  and  go  on,  until  a  has  made  22  rev^a- 
lions,  or  caused  22  X  45  ^  990  of  its  teeth  to  pass  the  point  of  gear,  in  which  time  b 
must  have  made  46  revolutions,  or  caused  45  X  22  =  990,  the  same  number,  to  pasa 
the  point  of  gear.  And  so  it  would  be  found  with  any  other  number  of  cogs,  that  Hie 
angular  velocities  of  the  geared  wheels,  or  the  number  of  revolutions  Ihey  make  in 
given  time,  are  inversely  as  the  numbers  of  their  teeth.    "When  an  intermediate  wheel 
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ia  emploied  u  t  (Fig.  233),  it  i»il;  affeeta  direotion  of  toUtion,  not  the  ^eeds  of  the 
extreme  wheels.  Thus  if  a  (Fig.  233)  have  34  teeth,  and  t,  the  uitermediale,  hare  20 
tMth,  the  imgulBr  velooity  of  a  ia  to  that  of  i  ai  20  to  34 ;  or  if  ve  take  the  speed  of  a 
ai  I,  the  speed  of  i  is  ^.  Again,  if  t  have  2T  teeth,  its  speed  ia  to  thftt  of  J  as  £0  to 
=  ^ths  of  the  speed  of  a.  But, 
'e  leave  the.  intermediate  wheel  out  of  consideration,  -we  find  that  irere  a  with  S4 


did' 

teeth  to  drive  «  with  27,  the  speed  of  a  would  bey-thaof  that  of  a,  the  same  result  as 
before,  though  in  the  oppoalte  direotion.  The  same  principle  appKes,  whatever  bo  the 
number  of  intennediate  wheels,  for  the  speed  of  the  first  and  last  wQl  always  be  to  one 
another  invrasely  aa  their  reqieetdve  numbers  of  teeth. 

If  irom  the  oentre*  of  two  geared  wheels  A  B  oixdei  be  drawn  tooohing  each  othetat 
a  point  midway  _ 

betweoDthe  ez-  -"'"         ~"~-  "'  ~'"'"^,^ 

tieme    projee-  "~^  ""^ 

tioDB   of   their  \  ^, 

teeth,  these  dr-      .  \  \ 

oles  are  called    '  \  \ 

the  pitch  lines    I  \  \ 

orcirclesof  tho   |  J  i 

teeth,  and  theii   <  j  I 

oiicnmferenoes     \  /  , 

being    equally      ^  /'  , 

divided,      give  j/y 

the      intervals  ,^  ,■' 

from   tooth   to  ,-■' 

tooth  in  each, 
or  what  is  tech* 

nically  called  the  jn&S  of  the  teeth,  WbeQ  we  speak  of  a  wheel  <rf  1  inch  jn'teA  or 
2  inches  pitth,  we  mean  that  the  distonoe  measured  from  the  centre  of  one  tooth  to 
that  of  the  next  (these  centre  points  being  taken  on  the  pitch  circle)  is  1  inch  or  'I 
inches,  aa  the  case  ma;  be.  In  Fig.  236,  the  distance  between  any  two  adjoining  points, 
where  the  dotted  radii  from  A  and  Bout  the  pitch  cirdes,  is  the  piCcA  of  either  wheel,  and 
these  piteliei  are  necessarily  equal  in  length  in  order  that  the  wheels  may  gear.  But  aa 
this  distance  is  the  interval  between  the  central  points  measured  in  a  straight  line,  or  along 
the  chord  of  the  small  arc  intercepted  between  them,  it  does  not  accurately  correspond  to 
the  length  of  the  arc.  The  loi^r  the  circle  of  which  the  ore  is  a  portion,  and  the  smaller 
the  pitch  or  portions  into  which  the  circumference  is  divided,  the  more  nearly  do  the 
circnloi  are  and  il«  chord  approach  to  equality.  Accordingly,  in  coses  of  nearly  oqaid 
wheels,  or  whenever  the  pitch  is  small  in  proportion  to  the  dimensions  of  either  wheel, 
the  more  nearly  do  the  numbers  of  teeth  express  the  proportions  of  the  circumferences. 
Bat  \iu)  circumferences  of  circles  being  exactly  proportional  to  their  diameters,  llie 
numbers  of  teeth  are  very  nearly  in  the  same  proportion  ;  and  the  angular  velocities 
of  geared  wheels  are  therefore  inversely  as  the  diameters  of  their  pitch  circles. 

When  there  ia  a  train  of  geared  wheels,  so  arranged  that  the  first  shall  drive  tho 
second— that  the  tbird,  fixed  on  the  shaft  of  the  second,  shall  drive  the  fourth — the  fifth. 
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ttxetl  on  the  fbaft  of  tbe  fimrUi,  AtH  drive  die  lizth,  md  ao  oo, — we  raadilj  ikDd  tlie 
an^sr  Tdodtr  of  inj  wheel  in  the  tnin  tbw. 

Aitfe. — llultiply  the  angulBT  Telocitj  of  the  fint  driTcr,  by  it*  nmiber  of  teeth  or 
tliametcT,  and  b;  the  numben  of  teeth  or  dlameteni  of  all  the  driven,  and  divide  the 
result  by  the  product  of  the  numben  of  teeth  or  the  diamelen  of  all  the  driven  wheels. 

ExanipU. — Wheel  1,  36  inches  diameter  with  72  teeth,  nuking  120  revolutions  per 
minute,  drive*  wheel  2, 12  iiM.  diam.  with  24  teelh ;  on  Oie  ahaft  of  wheel  2,  is  fixed 
wheel  3,  lOine,  diafD.  with  30  teeth,  driving  whed  4,  6ina.  dion.  with  IS  teoth: 
r^nired  the  apeed  of  wheel  4i. 
120  rev.  X  36  ina.  X  10  ina.        120  rev.  X  72  teeth  X  M  teeth 


).X6iiu.  "  21  teeth  X  IS  t«eth 
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From  the  general  prindple  of  meohaniea,  that  no  power  ean  he  guned  or  loat  in  any 
tnin  of  mechaniam,  but  that  only  the  two  elementa  of  power,  prcMuiu  and  velcx^ty, 
can  be  interchanged,  irrespective  of  MctioD  or  other  ueelesa  resistances,  it  fallows  tJiat 
!  at  the  end  of  any  train  of  wheels,  the  power  is  the  same  aa  at  the  b^inning ;  but  the 
j  velocity  being  different,  the  preasnre  or  strain  on  the  teeth  must  be  di2erent  also.  In 
'  the  example  we  h&re  given,  if  we  suppoie  that  1  horse-power  has  given  motion  to 
wheel  1 ,  we  should  expect  to  get  1  horae-power  fiom  wheel  4 ;  but  as  tlio  speed  of 
wheel  4  is  five  times  that  of  wheel  1,  ao  the  preseut«  exerted  by  it  at  any  point  ia  -Ith 
of  that  exerted  by  wheel  1  at  a  point  equally  distant  from  its  axis.  To  show  that  this 
is  true,  not  only  in  general  terms  bat  in  the  particnlsr  case,  we  shall  suppose  1  horse- 
power passing  through  the  teeth  of  wheel  1,  IS  ina.  fi^>m  ita  axis.  The  teeth  of  wheel  2 
being  in  contact  with  Aoae  of  wheel  1,  receive  ita  fulipowerat  Sins,  from  its  axis,  and 
convey  it  through  ita  shaft  to  the  teeth  of  wheel  3,  distant  fi  ins.  from  its  axis,  and 
therefore  sustaining  a  pressure  of  {tha  of  the  original  preasure.  Again,  thia  atrain  being 
given  to  the  teeth  of  wheel  4  at  3  ins.  from  ita  axis,  is  equivalent  to  ■fifths  of  J  ^ith,of 
the  original  pressure  estimated  at  18  ins.  from  the  axis  of  the  last  wheel  In  an;  train 
of  wheelwork,  then,  we  may  safely  -1  ■"■■"'«''  the  sizes  and  strengths  of  the  teeth  as 
their  velocity  increaaes ;  and,  conversely,  wo  should  increase  their  strengths  as  the 
velocity  diminishes. 

One  of  the  moat  important  matters  connected  widi  toothed  wheela  refers  to  the 
forms  or  outlines  of  the  teeth.  It  ia  to  be  deored  that  engineera  generally  should 
determine  on  some  atandsid  fbrm,  so  that  all  wheels  of  equal  pitch  ihmild  work  or  gear 
properly  together.  TFnfortnnatoIy  this  is  not  die  case :  the  wheel  made  by  one  machinist 
is  uneuited  to  that  made  by  another :  it  often  becomes  necessary  to  make  costly  patterns 
of  wheels  to  suit  some  that  may  have  been  already  made ;  tbeee  patterns,  again,  are  not 
Baited  for  other  coses ;  and  thus  a  great  amount  of  time,  labour,  and  material  is  mis- 
applied in  a  matter  where  a  little  harmony  among  ths  views  of  mschimsta  might  do 
much  to  avoid  these  evils.  That  such  a  mutual  imdcrstanding  is  not  impossible,  maybe 
proved  by  the  fact,  that  in  a  aimilor  case,  that  of  Bcrcw-threads,  among  which  there  once 
existed  quit«  as  great  a  variety,  almost  all  engineers  now  adhere  to  certain  forms  and 
proportions ;  so  that  the  screw  which  flta  one  nat,  readily  fits  any  other  nut  of  equal 
diameter,  wherever  the  screw  or  the  not  may  have  been  manufkctured.  Perhaps  the 
principal  cause  of  difference  in  the  forms  of  teedl  has  been  the  want  of  knowledge 
among  practical  men  as  to  what  tho  true  forms  should  bo.  Much  has  been  written  on 
this  subject,  but  a  great  deal  is  of  too  abstruse  a  character  to  be  generally  understood  or 
appreciated ;  and  the  practical'  mechanic  desiring  information  ia  disoonraged  by  tho 
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ilifflculties  Titli  which  tto  eubjeot  «ppear»  to  to  inreFtcd.  We  -will  eniiaB-TOur  to  pmnt 
i>vt  as  umply  aa  poesible  the  Utb  which  ehuuld  govern  the  foncE  of  teeth,  and  to  tajr 
down  B  fcw  «i«f  ralei  ft*  delineating  and  eiecuting  them. 

If  we  luppoae  A  and  B  (Fig.  236) 
to  be  the  bouet  or  central  parts  of 
tim  wheels  haring  straight  teeth 
(ir  flat  bUdoi  C  tod  D  projecting 
fuemthem  reepect^vdy.  Ontracing 
Rcveral  poeitiaQB  of  these,  such  aa 
C,  Cj  snd  Di  D„,  we  obscrvB  that 
lltcre  must  be  oonsldcrable  ine- 
qualities in  their  relative  move- 
lucab;  or  if  C,  end  C^  make  equal 
nngles  with  the  line  of  centres 
A  B,  D[  and  D,  do  not  make  equal 
angles  with  the  same  line.  Again 
\re  obsoTTG  that  tlte  points  of  each 

tooth  must  rab  along  the  flat  aur-  ^^ 

face  of  the  oflier  in  the  course  of 

the  motion ;  and  were  this  form  of  tooth  practically  oatried  ont,  the  cutting  and  weal 
would  be  considenible.  Bat  if, 
as  in  Fig.  237,  the  wheal  B  have 
a  tooih  D  of  some  curved  ontline, 
we  may  perhaps  find  HDiie  par- 
ticular Giure  for  the  foce  of  tooth 
C,  Buch  ibat  an  eqoable  move- 
I  uent  of  the  one  wheel  shall  pro- 
duce tax  equable  movement  of  the 
other,  and  that  the  smiices  of  the 
two  teeth  sbnll  iMber  roll  along 
each  other  than  rub  witli  a  push- 
ing  or  sliding  movement.  Now, 
Tlg,W,  althonghitmaybegeneraUypos- 

sible  to  find  a  proper  form  for  C, 
whatever  be  the  form  of  B,  yet  it  is  derirable  for  many  reasons  that  both  these  corves 
should  be  traced  according  to  some  fiied  type,  which  ihall  be  constant,  whatever  the 
dimensions  of  the  wheels  or  their  numbers  of  teeth.  If  we  examine  somewhat  closely 
the  relative  motions  of  two  toothed  wheels,  wc  may  perhaps  discover  sn  apjmpiiste 
form  for  their  teeth. 

If  A  B  (Fig.  238)  represent  a  str^  passing  round  the  drcnm&rencefl  of  two  equal 
pulleys,  and  therefore  touching  both,  and  if  through  C,  the  middle  point  between  their 
oentrei,  two  oircolar  arcs  be  described,  these  may  represent  the  pitch  drclee  of  two  equal 
toothed  wheels,  whose  relative  rotation  should  be  precisely  the  same  &om  the  gearing 
aa  it  is  irom  the  motion  of  the  strap,  unwinding  &om  the  one  pnlley  and  winding  on  to 
the  other.  But  &rther,  if  we  continue  the  lines  A  B  and  D  E,  and  from  some  other 
point  F  in  D  E  describe  a  circle  touching  A  B  Jn  G,  and  another  circle  (dotted) 
through  the  pcost  C  j— sToce  F  C  beats  the  same  ratio  toCEasFGtoEB,  it  q^ears 
that  the  rotation  of  the  largo  wheel,  if  geared  with  the  other  at  C,  should  be  predsely 
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ths  laiiie  M  if  it  were  caiued  by  ttte  itnp  winding  oi 


Fte-tsa, 


iU  pullejr,  of  whicli  F  G  ii  the 
radial.  IfirSMsu 
the  angular  velocdtj 
of  the  pulley  D  tobe 
uniibno,  th«  recti' 
lineal  Telocitj  of  tho- 
itw^  AB  G  ni 
alia  be  nnifonn,  and 
likewise  the  aogo- 
lar  Telocitioi  of  tho 
whoela  E  and 
Whatorer,  then,  bo 
the  Telative  niei  of 
the  geared  irheela, 
tb  a  rectilineal  motion 
of  Ihencap  witbrc 
lation  to  the  lotoiy 
motion  of  any  ono 
i  out  a  form  of  tooth. 


of  them  ii  alvayt  constant ;  and  if  from  this  relation  irs  eft 
that   foim   -will    apply    in    all 

18,  whatever  be  the  diameten  --., 

of  the  wheels  that  are  geared  ''y         ^■■' 

together.  -,_  \  / 

In  order  to  avoid  coropleiity,  ""•._     -A,    ^ ,-'  ^-^ 

let  ua  first  take  one  wheel,  auppos-  ■,      t    "'-,  /       \  /  / 

ing  it  a  circular  disc  of  paper,  of 
which  H  M  Z  (Fig.  239)  U  a 
portion  of  the  circumference,  an3 
let  ns  Buppoae  that  tile  atr^  A  B 

a  pencil  projecting  ftom  it   |  --■  E 

Dine  point  F,  so  that  be  the  dise  I 

rotatea  while  the  strap  travels, 
the  pencil  shall  trace  on  the  disc 
I  line  L  P  M,   compounded   of 

these  two  motions.    If,  now,  wa  y^         /  \  W  \        '  X 

tote  the  other  wheel  (marked  by  ^^,^  .'         "f »       v 

the  dotted  lines),  and  suppose  ita  '  ^ 

dise  extended  to  It  Q  overlapping 

the  former,  the  game  pencil  would  traco  a  corresponding  line  NFQ  on  it.  Now,  as 
the  curves  thus  produced  ore  traced  by  the  same  point  in  the  band,  and  under  precisely 
similar  conditions  of  uniform  rotation,  we  might  cut  the  paper  discs  to  their  outlines, 
and  making  them  rotate  in  contact,  we  should  obtain  that  uniform  relative  m<: 
which  ia  required.  The  mn.thematicBl  name  of  each  of  the  curves  so  described  ii 
involute  of  the  efrde,  because  it  is  produced  by  the  point  of  a  thread  wound  o 
{imolutum)  a  circle,  or  wound  off  ftom  a  circle.  The  nntoie  of  the  curve  may  be  best 
understood  by  ceferenee  to  Fig.  240. 

If  a  be  the  centre  of  a  circle  cr  plan  of  a  roller,  on  which  is  wound  a  thread  having 
s  end  nt  r,  a  pencil  or  tracing-point  being  flied  at  the  end  of  the  thread  vill  tt 
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tha  inTolute  c,  l.g,  u  tlie  thietd  a  imwound ;  tii  bj  being  the  imwoutiil  tbtud,  it* 
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ciimferGiice  meuured  round  fiom  e,  &e  ourve  joimng  tlie  •ztrentltici  of  tiie  tongont*  i* 
tb«  inrolute — the  proper  outline  fortlie  teeth  of  irheeli,  u  weluTe  jiut  described.  In 
applying  this  theory  to  th«  pnotical  fonnatipn  of  te«th,  ire  do  not  find  it  tuuxutrj  to 
deieribe  the  actiuil  InTolute  form,  becaiue  the  portion  of  the  unrve  that  belong!  to  any 
tooth  is  BO  BTTuiU  that  we  con  drair  a  circular  enrre  so  near  to  the  inTolat«  ai  to  caiue 
no  material  error  in  warking.  Thoa  if  G  (Fig.  Hi)  be  the  centre  of  the  irtieel,  and 
A,  B  the  oentrea  of  tvo  adjoining  teeth  on  the  pitch  circle,  nnall  circles  beinf  deacribod 
round  those  centroi  to  fix  the  breadth  of  eaah  tooth  D  E  nod  F  Q,  and  H  M  N  being: 
part  of  the  generating  circle  of  the  inTolutea,  the  portion  H  E  of  any  iavalule  B  K  L 
Tery  nearly  corresponds  with  a  eircular  ant  of  which  H  i*  the  centre,  and  the  radius 
D  H  is  a  tangent  to  the  generating  circle  H  H  N  at  U.  In  practice,  therefore,  it  is 
«B^ -necessary  to  determine  the  oirele  H  M  N,  and  the  length  of  the  radius  D  H,  for 
describing  the  curved  sides  of  the  teeth.  From  irhat  has  preceded,  it  b  dear  that  we 
may  take  any  oonveoient  generating  circle  HUN,  but  that  whatever  Iw  the  one  we 
may  select  £ir  any  one  wheel,  that  be  any  other  wheel  gearing  with  tho  farmer  must 
be  proportioud  to  it  It  is  found  pnctioally  eoiiTenient  to  make  the  radios  D  M  wiUi 
which  thewle  of  the  tooth  is  described  ^Ih  of  the  pitch  radius  C  A,  and  the  generatiiig 
circle  ot  locus  of  centres  HUN  should  be  described  within  the  pitch  oirole,  the  in- 
terval between  them  A,  P  being  ith  of  D  U,  or  ^nd  of  C  ii.  K  this  rule  be  adhered 
to,  all  wbech  of  equal  pitch  will  gear  v'lth  one  atkother,  whatever  he  their  di*> 
meteiB.    In  dsaviig  or  setting  out  tectii,  then,  the  fidlowing  procesi  wiU  be  found 


1st.  From  the  centre  C,  with  radius  C  A,  describe  the  pitch  circle  and  divide  it  by 
the  compaase*  into  equal  parts  A  fi,  each  eqoal  to  the  given  pilch,  ^a  pitch  radios 
may  he  detennined  by  the  following  rule : — 
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Multiply  the  nmnber  of  teelltb]' 7  time*  Uudr  diataoce  apart,  or  pitch.  Hud  divide  by  14 
Example.— Bx^mni  the  pitch  radiu*  of  a  wheel  luiviag  28  tcetl  of  1  inch  ^tch, 
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3'341  iitdie*  the  pilch  radiui. 


KoTE. — Wlien  the  number  of  teeth  it  nnall  and  their  pitch  coDsiderBble,  the  pitch 
ndim  most  be  a  little  iucreued,  ai  vill  be  found  noceiwry  on  trying  the  diviiion  of 
the  circomference. 

2ad.  Boond  the  centres  A,  B  describe  circlet,  each  of  dinmeter  Bomewhat  len  tlian 
half  the  pitch:  todetcnnine  the  breadth  of  the  teeth.    The  reason  for  making  the  Ineadth 
of  teeth  leu  than  half  the  pitch,  '-  '-  —"" 
a  Lttle    room  or  cleaisncc    in 
betireen  them,  so  that  in  the  eve 
.  irregularitiea    occurring  in  the 
ship,  the  teeth    of   tro  wheeb 
become  bound  or  locked  into  e 
Whea  the  teeth  are  cut  by  mo 
their  exact  form,  this  clearance  ii 

■when  they  " 

it  ahaped  aftenrards,  there  she 
allowance  of  about  i^nd  of  an 
each  inch  of  pitch — that  is  to  si 

1  inch,  D  E  should  he  }  an  ii 
i"K  And  of  an  inch,  or  JJnds  ( 
while  E  F  is  i  of  an  inch  and  i 

\  or  iinds  of  an  inch.  'V 
2  inches,  Uien  D  E  would  bo  H 
inch,  and  BF  \iita  of  an  inch, 
:n  like  jn^pcrtioD. 

3rd.  Take  A  Q  =  ^th  of 
I  P  =  |th  of  A  Q,  and  fivm  the  centre  C  „ 

describe  through  P  a  circle  of  centres  H  M  N.  * 

4th.  From  the  pointa  D,  E,  F,  Q,  with  radius  A  <t  in  the  compass,  mnk  off  the 
points  B,  S,'T,  tJ  on  the  circle  E  M  K,  and  &i»i  these  pmnia  as  centres,  with  the  same 
itUns  A  Q,  describe  the  curved  rides  of  the  teeth  a*  T  H  D  K. 

Sih.  It  DOW  only  remains  to  determine  the  tops  of  the  teeth  and  the  hottama  of  the 
i^aoes  1>etwefln  them.  The  spaces  should  have  somewhat  greater  dep&  below  the 
pitoh  circle  than  the  height  of  the  teeth  beyond  it  to  allow  the  teeth  to  clear ;  and  it  is 
convenient  both  for  giving  strength  of  fona  to  the  teeth  and  for  providing  this  clearance ' 
of  the  t*oth,  especially  in  case  of  dirt  getting  between  the  gearing,  to  make  the  bottom 
of  the  spaces  semi- circnlaf'.  It  will  be  found  convenient  to  make  AW,  the  height  of  tho 
point  of  the  toofli  above  the  pitch  circle,  half  iJie  space  E  F  between  two  teeth,  and  A  K ' 
the  depth  of  the  space  below  greater  than  AW  by  Jth  of  an  inch  for  every  inch  of  pitch  ; 
rad  circles  described  through  Wand  X  will  dcteriainethetopsoftecQi  and  bottoms  of  spaces. 

In  the  eaeo  of  internal  gearing  (as  represented  in  Fig.  24!),  the  {bnn  of  teeth  may 
bo  developed  on  principles  similar  to  those  we  have  adopted  for  eztemal  gearing. 
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A.  B  (Fig.  242)  be  the  pilch  radius  of  Ute  wheel,  F  B  O  being  a  portion  of  die  pitch 
oirole,  and  C  B  Uw  pitch  Mdiiu  of  tbe  pinioa  working  irithiii  it,  and  if  on  the  um  of 
tlie  wheel  mid  pinion  we  mippoce  puUeyB  to  be  fixed,  bsTing  ndii  A  D  and  G  G  iwpec- 
tivelj  proportional  to  the  pitch  raiUi,  a  band  G  D  winding  off  the  one  and  {Hi  to  the 
other  puUoT  would  give  them  the  lame  i«ktiTe  nuguliit  Telocitiee  u  would  be  pTodueed 


Fig.  SlS. 

bj  the  iiiction  of  thoir  circumferences  at  B.  And  D  E,  the  cammon  tangent  of  tlie  two 
pulleys,  which  when  prolonged  must  alwuya  pass  throughjB,  may  be  supposed  to  have 
a  pencil  fixed  to  its  prolonged  part,  tracing  oti  tbe  planes  of  the  revolving  wheel  and 
pinion  the  outline  of  Uieir  lespeotlTe  t«eth,  which  would  nrniifMtly  be  involutes  of  the 
generating  oirclei  D  and  E. 
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in  of  D  B  being  the  woe  h  &*t  adapted  for  external  geoniig,  tin 
teeth  of  tbe  pinion  would  erideatl;  be  the  same,  bat  the  teeth  of  the  vheel  would  be 
similar  in  form,  not  to  the  teeth  of  an  eitemallj  geared  wheel,  but  to  the  spacei  betwem 
L  being  the  eentre  of  the -wheel,  L  H  ^  jinda  of  the  pitch  tadiua,  and  H  K  ^  ^ 
of  the  pitch  radioa,  the  tide  of  a  tooth  at  E  ii  part  of  a  circle  deaciibed  with  radhil 
K  E.  The  tope  of  the  teeth  in  thia  case  project  ititAia  the  pitch  circle  as  &r  aa  in 
citeinal  geating  the;  project  ttyond  it,  and  the  bottom*  of  Ote  apacea  ma;  be  made 
ocmi-drcalar,  and  of  depth  similar  to  that  determined  for  external  gearing. 

The  gearing  we  haTe  hitherto  deacribed  applies  only  in  thecaae  of  wheela  revolving 
1  one  plane  or  on  parallel  aiea. 
When  the  aiea  arenotpanllel,  it  it  necessar;  (o  enrphj  bevH  ftarmg.    Let  A  Band 
AC  (Fig.  243}  he  the  two  axes  meeting  inA,andD£and£Fthe  proper  " 


of  the  wbccit  to  give  the  required  speed;  if  we  inppoM  the  eonei  DAE,  FAE  to 
upon  one  another  touching  along  the  line  A  E,  then  the  rdootiei  of  thmr  toa^ 
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ii^  tuiftcM  vill  be  eqyul  at  any  puint,  nwh  as  M,  ■long  tihe  cone,  'because  L  M  and 
E  U,  the  radii  of  rotation  at  that  point,  bear  the  Bante  proportioii  to  each  other  as  O  E 

H  E  the  radii  at  anif  other  point  E,  and  therefore  the  circumfercncei  at  these  pointa 
ai«  ia  like  pcoportton.  Taking  a  portion  of  each  cons  (that  shaded),  if  we  conceive 
their  meetjng  aarfacea  at  H  E  to  have  sofficieiU  fiiction,  hy  c&unng  one  to  rotate  round 

xis  we  should  alao  oanae  the  other  to  rotate.  But  aa  practically  the  friction  is  not 
■nffloient,  it  ia  neoessBrf  to  oat  the  inrfacei  of  the  oonea  into  teeti  and  spacei,  as  in 
plidn  gearing.  It  ia  erident  that  these  teetii  moit  tape  towards  A,  both  in  width  and  in 
height.  If  a  line  G  E  B  be  perpendicular  to  A  B,  and  If  and  P  the  lops  of  the  teeth  at 
E,  dieconrergingUnetANsndAP  will  define  die  top>  of  the  teeth  along  their  whole 
citeut  And  again,  if  QB  be  the  breadth  of  a  tooth  at  E,  the  conTerging  lines  A  Q  and 
A  B  will  define  the  tapering  breadth.  The  line  F  H  is  part  of  the  boundarf  of  conical 
sorf^cee,  of  which  C  is  the  apex  for  the  one  wheel,  and  B  the  apex  for  the  other ;  and 
if  from  the  centres  C  and  B  the  ciralea  ESand  ET  be  described,  they  will  r^iresent 
~  e  outlines  of  dke  developed  lorfaces  of  the  oones  F  C  E,  D  B  E  rcspectiiely,  and 
become  the  pitch  luroles  on  which  the  outlines  of  the  teeth  at  E  maj  be  described. 
Were  we  to  cut  fliese  teeth  in  paper,  and  then  wrap  them  round  (he  cones  F  C  E  and 
D  B  £,  we  should  have  them  interlacing  and  gearing  into  each  other  at  £.    Proceeding 

lie  aame  manner  at  the  point  M,  hj  dniwing  U  Y  through  U  perpendicular  to  A  E, 
and  describing  from  coitres  C  and  B  the  pitch  circles  W  and  X,  with  radii  itapectindj 
e^nal  to  V  M  and  U  M,  we  get  the  development  of  the  teeth  at  H,  which  are  precisely 
similar  to  those  at  £,  but  on  a  smaller  scale,  their  outlines  being  defined  by  the  radii 
convei^ing  from  those  in  S  and  T  towards  C  end  B,  the  centres  of  development. 

Beril  gearing  applies  when  the  motion  is  to  be  conveyed  at  any  rate  of  speed  from 
[10  axis  to  another,  aainFig.  211,  where  a  a  is  the  large  ^i7  tiiAeel,  and  i  b  the  smaller 


F1g.»4. 


ng.'M. 


one,  or  the  btvU  pinion;  or  the  motion  may  be  communicated  at  any  other  angle,  and 

rarious  directions,  by  combinations  of  bevil  wheels  and  pinions,  as  in  Fig.  246, 
where  the  pinion  a  drives  the  wheel  b  b  mounted  obliquely  to  it ;  and  the  pini<m  t,  fixed 
n  the  shaft  of  b  b,  drives  the  wheel  (f  if  at  some  other  angle  with  it. 

When  the  wheels  are  equal,  and  tiieir  axes  at  right  an^es  to  one  another,  as 
Fig.  216,  the  wheels  are  technically  called  mitre  ahteli. 

The  general  law  as  to  velocities  of  rotation  and  pressure  conveyed  throng  boril 
gearing  is  precisely  the  same  as  in  the  case  of  plain  gearing. 

Gearing  ia  soutelJines  used  ts  convert  a  rotary  into  a  rectilineal  motion,  by  the  use 
of  a  rack  and  pinioii. 
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The  pinioQ  a  (Fig.  247)  hai  teeth  which  St  betveea  ths  teeth  of  two  ncka  i  and 
t  i  &ad  hy  giving  a  Tociprooating  rotary 
motion  nmad  it*  Matra,  tlieN  two  isoks 
are  put  in  reeiprocaluig  lectilineal  mo* 

Tbe  proper  form  for  tlie  teeth  of  a 
TB^  SO  ai  to  gear  with  those  of  pinlona 
fanned  as  we  haro  deacribed,  may  be 
■scertained  thos  (Fig.  24S);— In  do- 
aoribing  the  testh  of  a  wheel,  the  radiiu 
CFof  " 


^-.z 

1 

mfm 


■  to  CBthepitohiadiiu;  or, 
SI  we  have  taken  it,  0  P  ia 
jtndiof CB.  Agiia,tB, 
the  i«din»  of  the  aide  of 
the  tooth,  is  1th  of  CB,  or 
bears  also  a  constant  ratio 
to  G  B.  Henoe,  for  every 
sngloPBCwithAC.    Applying  this 


radius  of  the  tooth  must  be  at  the  same  angle  to  D  E  as  that  of  F  B  to  B  C,  or  tiiu    j 
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angle  trOBBiiut  be  aqiul  to  the  angle  FBC;  but  u  the  pitch  Use  of  the  nek  U 
■tnughl  lins,  oi  may  ba  mppcwd  a,  arnlB  of  in&nitely  gveat  radina,  m>  the  ra^na  K 
of  the  tootii,  being  Jth  of  thspitohrtdina,  must  alw  be  infinitely  great,  and  the  portion 
of  the  BiicullT  aide  of  the  toeth  daacribed  with  this  infinite  Tsdius  miut  he  a  atraig^it 
line  H  Q  perpendicular  to  N  O.  To  find  the  amount  at  obliquity  or  inclination  of  H  Cf 
:o  D  S,  we  obserre  that  it  ia  the  ganie  vith  the  indination  of  B  F  to  B  H  (trhicb  i* 
peqKndiculai to  AC).  Now  HF  ia  very  nearly  biaected  inX;-  and  as  F  L  is  l-th  of 
~  ~!,  F  M  ia  Tery  nearly  |tha  or  jth  of  P  B.  So, '  in  the  rack,  H  E  must  be  |th  of 
K  G ;  and  bmoe  we  haTe  a  aimple  mode  of  setting  out  H  O  the  aide  of  the  raok-tooth, 
by  taUug  G  K  any  length,  laoh  as  I  inob,  along  the  line  G-  D,  and  mesiuiing  up  an 
offset  K  H  =:  Jth  of  £  G.  The  line  HO  i«  the  aide  of  the  tooth,  of  which  the  top  and 
bottom  may  he  determined  as  in  wheel  gearing. 

There  still  remuns  a  kind  of  gearing  most  applicable  in  eases  where  it  ia  desired  tc 
reduce  very  greatly  the  angular  Telocity,  or  to  increase  the  moving  pressure.  Wc 
allude  to  the  perpetital  tcretn,  or  aarm  aitd  icheil,  as  it  is  usually  called  (Fig.  2*9)  ;  h  i 
the  driring  shaft  has  a  screw  or  worm  cut  on  its 
cylindrical  surface,  the  coils  of  which  fit  between 
teeth  on  the  driven  wheel  a  a.  These  teeth  have 
sides  inclined  to  the  plane  of  theii  wheel,  in  auch 
1  manner  as  to  suit  the  obliquity  of  the  screw- 
thread.  When  the  worm  is  caused  to  revolve,  one 
portion  of  the  worm  preasing  ^ainat  a  tooth  of  the 
whed.  canaes  it  to  adranoa  over  a  distance  equal 
to  the  pitch  of  the  thread  or  of  Uie  teeth  (which 
oecrasarily  alike) ;  and  by  the  time  one  toath 
is  disengaged  from  the  worm  by  the  revolution  of 
the  wheel,  anotbcr  tooth  has  come  into  action,  eiiid 
s  caused  to  advance  in  like  manner.  Every  rsTO> 
lution  of  the  screw  round  its  axis  thus  cauaes  the 
wheel  to  rotate  through  a  portion  of  a  revolution^ 
equivalent  to  the  distance  of  the  centre  of  one  tooth  from  that  of  the  next ;  and  if  the 
wheel  have,  for  example,  100  teeth,  it  thus  requires  lOO  revolntlona  of  the  w 

«  one  revolutiou  of  the  wheel.  It  is  evident  that,  whatever  be  the  aiae  of  the 
m,  the  some  relation  of  angular  vdodtiea  subiiata,  while  the  number  of  teeth  il 
the  wheel  temsini  constant ;  but  when  we  aher  the  pitth  of  the  sctew,  that  is  to  say 
the  distance  from  one  of  its  coils  to  tb«  next,  we  must  alter  to  a  ooneaponding  extant 
aitcA  of  the  toothed  wheel ;  and,  if  ita  diameter  ba  Sxad,  the  number  of  its  teatit 
must  be  altered  accordingly. 

In  deciding  on  tlie  form  of  teeth  foraenw-gettring,  we  must  be  guided  by  considera- 
ons  similar  to  those  which  we  have -dealt  with  in  respect  of  ordinary  gearing.  If  we 
ippose  the  screw-wheel  B  (Fig.  15a).to  be  a  thin  plate  of  rneOU,  with  teeth  of  the  proper 
involute  form  cut  in  its  circumferoncet  and  A  the  aection  of  ttte  aorew  to  be  also  a  thin  plate 
with  l«eth'like  tlwaa  of  a  rack,  by  drawing  the  rack  along  tcotiliaeally  in  the  diieotioQ 
of  the  arrow  ws  should  oaoaa  the  wheel  to  rotate  iu  the  direction  of  the  arrow,  and  the 
taoA  would  ba  of  suitaUa  tarm  for  their  relative  movements.  So  when  the  wheel  is  of 
B  thiobaeM,  as  sliown  in  asction  at  E,  with  teeth  F  projeoting  within  the  outer 
rircum&renoD  cf  the  screw,  and  cleaijng  the  scdid  conbal  portion,  we  have  only  to 
make  the  teeth  F  inclined  so  as  to  suit  the  oUiquity  of  the  screw-thread  as  indicated 
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by  the  doCUd  linei  H  H  on  the  plan  of  the  iciew  G ;  uid,  initead  of  moving  the  aa 
Itmcitodiiully  like  a  mck,  vre  may  cuue  it  to  rotate  round  iti  ajdi,  and  while  ve  [... 
I  v«nt  ila  longitudiiial  motioii,  the  teeUi  of  die  wheel  will  be  ctosed  to  move  oavarda  hj 
the  inclined  action  of  the  tciew-thiead.  JU  no  part  of  the  ■orew-tliiead  b  a  straight 
line,  the  teeth  of  the  wheel  HH  ought  Iheoratieally  to  be  curved;  bat  when  the  diume- 


T  of  the  acrew  ii  large  in  proportion  to  it*  pitiii, 
ttioportioQa  of  the  thread  with  which  the  teuth  niu 
It  contact  approach  wery  nearlf  to  tttaigfat  linci, 
and  the  oblique  lidcs  of  (he  teeth  may  tberefsro, 
without  much  praotical  error,  be  made  atralght. 
Their  proper  obliquitj'  may  be  fbiiod  thiu : — Let  I 
be  a  cylinder  of  the  aame  diameter  with  the  icraw, 
on  which  is  wound  a  triangular  piece  of  paper,  lo 
that  ita  edge  ahall  form  the  outline  of  the  ecrew.      m  ^_  j^ 

If  at  any  of  ita  convolutioni  E,  inatoad  of  continuing 
«windthepapcr  on  the  cylinder,  we  stretch  itontito^ghtaa  EH  L,  if  KL  be  half  the 
pitch  of  the  screw,  or  Lhalf-way  betweenE  and  the  pointwbero  the  next  coavtdotion  after 
that  at  E  would  crosa  (he  aiia,  then  LH  mnat  be  eqoal  to  half  the  cireumfereace  of 
the  cylinder  (about  3^  times  its  radius),  in  order  that  the  ptunt  H  may  he  brought  rouiid 
'■o  L  when  the  paper  is  woimd  on  to  the  cylinder.  By  taking  E  L  half  the  pitch  of  tlte 
icrcw  nnd  LH  half  its  circumference,  and  joining  KH,  we  get  a  line  at  the  proper 


.,y  Google 


rauttuirr  of  thx  bcbbw'. 


461 


obliqoitj  to  the  axia  to  suit  the  thread  of  the  ictew.  By  t^ing  a  cylinder  equal  to  the 
>r  part  of  thsecroT,or  of  diameter  equal  to  tbat  of  the  Mrewattbebattom  of  itathread, 
and  proceeding  in  a,  similar  vay  (aa  indicated  by  the  dotted  linea) ,  ve  get  the  lino  E  N 
of  the  proper  obliquity  to  auit  the  bottom  of  the  thread.  Noir,  a»  the  topi  or  p" 
the  teeth  of  the  vheel  gear  with  the  bottoms  or  hollows  of  the  aorew-threadf,  while  the 
lx>ttomi  of  the  teeth  gear  with  the  tops  of  the  sorew-threada,  we  should  make  the  tops 
of  Hia  teeth  le*»  inelined  to  the  plane  of  tko  wheel  than  their  bottoms,  and  we  should 
gradually  inerease  the  obliquity  from  the  Uypa  of  the  teeth  downwards.  It  would  bo 
very  difficult  to  effect  this  in  practice ;  and,  indeed,  eren  if  it  oonld  be  done  with  ease, 
it  would  be  positivaly  diaadvaDtageoua,  because  some  of  the  tseth  ore  blwaya  coming 
into  such  a  positiou  with  respect  to  the  thread  u  that  marked  Q,  where  the  top  of  the 
tooth  is  in  contact  with  the  to^  of  the  thread.  Practically,  then,  it  is  best  to  make  the 
"  qnity  of  the  teeth  like  EP  a  mean  between  those  due  to  the  upper  and  the  lower 
parte  of  the  screw-thread.  In  other  worda,  tracing  a  pitoh-Une  B  R  for  the  w 
touching  the  pitch  circle  of  the  wheel,  and  then  developing  the  obliquity  KP  due  to  the 
diameter  of  the  screw  measured  to  that  pitch-lino,  wo  get  an  average  inclination  tar  the 
teeth,  somewhat  in  error  at  points  above  and  below  the  pitch-line,  but  coireot  where  the 
principal  contact  and  communication  of  power  takes  place.    The  greater  the  dian 

screw,  and  the  smaller  its  pitch,  the  greater  is  tho  inclination  of  the  thread  to  its 
axis,  and  the  le«s  ia  the  enor  of  obliquity  in  the  contact  of  the  teoth  and  sciev-threscl 
fe  and  below  the  piteh-Iine.  Therefbre,  when  the  screw  by  rotating  drives  thu 
wheel,  the  screw  should  be  made  as  large  in  diameter  as  ia  consistent  with  cc 
and  the  pitch  of  the  thread  and  teeth  ehould  be  as  small  as  ia  consistent  with  tbe  m 
suTy  stnngtJi.  But  when  it  is  intended  that  the  rotation  of  the  wheel  shall  cause 
icrcw  to  rotate,  the  diameter  of  the  screw  should  be  made  as  small  and  its  pitch  as  great 
11  possible,  ao  that  the  thread  aod  the  teeth  may  have  amall  obliquity  to  the  axia  of  the 
seiew.  In  either  case  the  serew-thread  may  be  conaidered  ae  a  continuous  inclined 
plane  preeeuted  to  the  tooth  of  the  wheel,  and  the  effect  of  greater  or  less  obliquity  be- 
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nea  T«y  evident.  In  the  fint  case,  whore  the  screw  drives  the  wheel,  A  B  being 
is  of  the  Mrev,  E  L,  part  of  its  inclined  surface,  travelling  in  the  direction  ot  the 
owC,  haatomovethetoathofthewheelin  the  dicectian  of  the  arrow  D;  the  greater 
the  inclination  of  E  L  to  the  aiia,  or  the  more  nearly  it  approaches  to  a  perpendicular 
to  it,  the  better  its  effect  to  move  the  tootli,  or  the  leas  ia  ^e  lateral  strain  it  produces 
on  the  tooth.  In  the  second  caso,  where  a  tooth  moving  in  the  direction  of  the  arrow  6, 
and  preiaing  against  the  inclined  aide  of  the  soiBW-thread  M  N,  eausoa  it  to  travel  in  tho 
direction  of  the  arrow  H,  the  less  the  inelinationof  M  N  to  the  axis  £  F.  ortbeit 
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nearly  it  approaobe*  to  ooinoidence  vich  it,  Ae  better  U  die  aetiaacf  ths  toollttogiTeit 
Uteral  motiom,  or  tba  len  U  Uie.liibgitikUml  stnun  in  tlie  direction  of  the  tSM. 

Altbough  ooatanuDUi  lotiuy  moTementi  ara  the  moat  oanieiiieiit  for  comminuoatiDB 
povor  fWim  one  point  to  another,,  jot  there  are  many  opeiktiona  to  vhieh  siaehiner;  ia 
adapted  demaoiLngf  motiona  of  acother  chsnuster.  Theae  are  chiefly  of  a  Tecipn>CBtiiig 
luDrd ;  and,  viietlier  the  reoipTookting  moTement  takes  plaaa  in  a  straight  line  or  about  a 
Ire  (H  axil,  it  beoomea  important  to  inquire  into  Uke  modea  by  vhich  eonliinioiii  rotary 
ion  nay  be  converted  into  them  or  the  oanTeras.  Sometimef  it  ii  deait^le  that 
M  red{«ocating  morumenti  ahould  be  eoatinuaaa,  tometimei  that  there  ahould  b« 
interraU  of  rest  between  them,  aametime*  that  they  ahoold  be  aqnal  in  rekcily,  sorae- 
M  that  the  time  occnpied  by  them  should  rary,  according  to  the  special  chantctra  of 
the  vork  to  be  done,  and  the  intensity  of  the  force  transmitted.  To  deaccibs  all  the 
known  nodes  of  eSeotiDg  these  objects  vould  be  to  compile  a  list  of  almost  all  the  m 
ohanical  inventiooa  erer  made,  and,  wore  it  peasible,  would  dmnand  apace  fir  beyond 


this.         We        ^v 

will,  there-     / 

fbra,  merely 

draw  atten-  ' 


en-     Vf 


generally  ap- 
plied in  machinery, 
any  particular  case,  o: 
that  may  be  moat  suits 
the  ingenuity  of  the  d« 
The  most  simple  an 
rotary  motion  into  rei 
ocoontric,  which  we  ha 
vith  the  stcam-engin 
obtain  the  rociprocatii 

instead  of  in  a  straigh  _ 

onuk  A  (Fig.  2S2)  connected  by  a  rod  B  with  the  aim  C  ^S"^ 

of  a  lorer  mounted  on  an  axis  or  spindle  D,  causes  it  to  ,'^ 

Yibrato  in  the  arc  of  a  circle  round  the  centre  D  j   another  '"' 

lever  E,  flxedat  any  part  of  the  spindle  D,  can  thtubeput 
1  mciprocating  motion  through  equal  angles,  and  oommunicats  throogih  a  ci 
necting-Tod  F  leoiprocatiiig  motion  to  same  other  body  at  G.  When  the  ai 
C  and  E  are  in  one  plane  they  fetm  a  Ml-trtmk  lever,  aiid  are  genetdy  o 
nested  by  the  rib  H  for  the  aaka  of  atrngth.  The  dotted  linct  on  the  figure  vtmrk 
the  oentis  linu  of  the  levtaa  at  the  extnme  points  of  thmr  azennitma.  The  fint 
lover  C  in  its  oentnd  posHien  is  at  ri^t  angles  to  a  line  diawn  throng  tka  centre 
iif  the  oiank  biaeolang  the  vibration  of  the  lever,  or  cutting  the  aio  in  whidt  tha 
l>inof  the  lever  vibratea  in  atich  a  manner  that  its  deviatimafiom  tin  atni^t  linn  at  its 
middle  and  extreme  points  are  equal.    So  al*o  the  lino  in  which  the  point  G  ia  reqniied 
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to  reoipn>oate,  vlien  pndonged  biawU  tbe  vibration  of  ths  aim  E.  By  tiaa  trFADga- 
neiit  die  deiiatioD  of  the  pins  moving  in  circular  area  trom  rectillneiil  motion  is  ren- 
dered aa  imaU  aa  ponible,  *nd  lateral  atrain  &oqi  oliliquity  of  coimectiag-rod»  is  ptopor- 
tjonidlj' radnced.  By  varying  tlie  lengthaof  the  arms  C  and  £,the  amount  of  vibratdon 
nay  be  Taried  at  pleaanre ;  for  while  the  anglea  in  vhich  they  vibrate  remain  equal,  the 
len^B  of  droolar  uca  in  vhioh  their  pioa  vibrate  ai-e  proportional  to  the  lengthB  of 
tiieir  radii. 

By  proper  ammgementa  of  cranks,  levera,  and  eonnedJag-rods,  inreBpcct  of  lengths 
and  lelative  poaildana,  it  ia  generally  posaible  to  convert  a  given  rotary  or  reciprocating 
movement  into  cue  of  greater  or  lesa  extent,  in  a  different  plane  w  dinction.  When  the 
reciprocating  movement  of  a  lever  is  applied  to  produce  the  rotary  notion  of  a  crank,  it 
is  necessary  either  to  fit  the  spindle  of  the  latter  wilJi  a  heavy  fly-vheel  to  bring  the 
crank  over  its  dtad-cmtrti,  or  to  adopt  some  other  combination  of  cranks  as  in  the  dupli- 
cate marine  or  locomotive  engines,  so  that  while  one  is  on  the  diad-antrt  tile  other  is 
receiving  motion  from  its  connecting-rod.  The  crank  or  eoceatrio  can  give  recipiocaUng 
movement  to  a  lever  only  in  such  a  manner  that  tor  each  ravoloUon  of  the  crank  the 
lever  makes  one  complete  doable  stroke,  or  an  excursion  from  one  extreme  of  its  vibra- 
tion to  the  other  and  back.  Sometimes  it  is  desirable  that  each  revolution  of  the  rotating 
shaft  sball  cause  a  number  of  reciprocating  movements  of  a  lever  or  rod  connected  with 
it  There  are  several  methods  of  effecting  this  object.  For  moving  a  stamper  b  (Fig. 
2S3)  10  as  to  emsh  or  pulverise  malerials  sabjected  to  it,  a  vhed 
a  is  fitted  iritb  several  curved  arms  or  -wipers,  which,  as  the  H 

wheel  revolves,  come  successively  in  contact  with  a  pin  or  projec-  '' 
tion  e  on  the  stamper,  lift  it,  and  let  it  drop.  If  the  wheel  hove 
six  arms,  the  stamper  mokes  aii  strokes  during  each  revolution. 
Sncb  an  apparatus  is  frequently  applied  in  cases  where  repeated 
strokes  of  ftlKng  heavy  bodies  are  required  for  special  operations, 
OS  fbr  tilt-hammers  used  in  iron  manufacture,  fioed-crushcrs,  full- 
ing-mills, and  washing-machines.    For  lighter  work,  such  as  the 

movement  of  pendulnmg  or  balance-wheels  of  time-keepers,  there       j      ^   ^'■■'    I 

ore  nnmerouB  ingenious  arrangementti  of  eacnpement-wheda  hav-  pjj..  jjj. 

ing  their  circumferences  ent  into  teeth  of  suitable  form  capable  of  ^ 

acting  on  the  pallets  presented  to  them  with  the  i^alarity  and  precision  reqoirod. 

Sometimes  it  is  desirable  to  convert  continnons  rotary  movement  into  one  that  shall 
proceed  by  flts  and  starts.  A  crank  or  ecoentrio  A  (Fig.  254)  on  the  continuously  rotating 
shaft  connected  by  a  rod  B  with  a  lever  C,  causes  it  to  vibrate  once  during  each  revcdu- 
tioR  of  the  crank  round  a  spindle  D  on  which  is  mounted  a  ratei»l-wheel  E,  having  teeth 
like  those  of  a  saw.  The  lover  C  is  fitted  with  a  p^  F  hanging  freely  liom  a  pin,  and 
formed  so  as  to  drop  into  the  space  between  the  ratchet  teeth.  One  half-revolution  of 
die  crank  A  causes  the  pall  to  move  over  one  or  moi*  teeth  without  putting  them  in 
motion,  as  it  can  slide  freely  along  their  inclined  sides;  but  the  other  half-nvolution 
bringing  back  the  lever  and  poll  which  bears  against  the  abrupt  face  of  a  tooth,  causes 
the  ratchet-wheel  to  rotate  through  the  same  are  with  the  point  of  the  pall.  Ia  many 
cases  where  this  arrangement  of  ratchet  and  pall  is  applied,  it  is  necessary  to  vaiy  the 
amount  of  movement  of  the  ratchet-wheel  at  each  stroke.  This  is  e^ctsd  either  by 
varyingfhe  throw  of  the  crank  A,  orthepositionof  the  connecting-rod  pin  on  the  lever 
C,  BO  as  to  make  the  bock  stroke  of  the  pall  pass  over  two  or  more  teeth,  oa  may  be 
\   required.    In  machines  for  boring,  turning,  planing,  and  shaping  metals,  in  machinery 
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of  the  bxd  or  wv 
\  each  itroke. 
"I        In  deacrilring  tho 

•  netlMd*  of  regulating 
the  flow  of  iteam  in 
ongiiieB,  ve  tUuded  tc 
tbe  fam  m  an  appo- 


ft  ■  ralTe,  aiutain  it  for 
1  tlien  let  it  drop.  Catiu 
to  mtny  otlur  mecbaiu- 
umilar  cluraotei;  and 
be  Tailed  indefinite]  j,  i 
ig  movement  oan  be  ef- 
Aa  aa  example  of  wliat 
'  a  cam,  let  ua  anpposa 
iting  ahaft,  we  desire  it 
olution  to  raise  a  weight 
,  1.  men,  uunag  fih  to  relaia  it  at  tl 
Vis-  ^ii-  height,   during  ths  next  ^th  to  raise  i1 

inch  more,  to  retain  it  there  during  jth, 
dtuing  the  next  j(th  to  drop  it  the  two  inches  through  which  it  had  been  raised, 
and  during  the  remaining  jth  ta  retain  it  at  ita  lowest  position  until  it  ia  again 

Let  A  (Pig'  255}  be  the  shaft  reWring  in  the  dimtion  of  the  arrow,  and  let  three 
drclea  he  described  round  its  oentie,  the  inner  oirole  bong  of  any  oonTenient  radios, 
and  the  others  having  radii  tespectivel;  I  inch  and  3  inchei  greater.  Let  the  circles 
be  divided  into  eight  eqiud  eegmenta,  and  let  H  be  a  roller  couneeted  with  the  weight 
to  ho  lifted,  bearing  on  the  inner  circle  at  B.  From  B  to  C,  Jth  of  a  reroJutiao,  let 
the  cireumference  be  part  of  a  spiial  curve  touching  tho  inner  circle  B  and  the  middle 
circle  at  C ;  from  C  to  D,  |th  of  a  rerolutjoii,  let  it  follow  the  middle  circle ;  iram  O 
to  E,  }lh  of  a  rerolution,  let  it  be  another  apiral  ouiro  touching  the  middle  circle  at  D 
and  the  outer  at  E ;  from  £  to  F,  ^th  of  a  revolution,  let  it  follow  the  outer  circle ; 
n  F  to  O,  }th  of  a  revolution,  let  it  agun  be  a  spiral  touching  the  outer  and 
er  (urolea ;  and  from  G)  to  B,  the  remaining  ^th  of  a  revolution,  let  it  follow 
the  inner  circle.  It  ia  obvioua  that  aa  the  shaft  rotates  and  brings  the  different  portioiu 
of  the  cam's  circumfei-enoesucceaaivelf  under  the  roller,  the  oentre  of  which  we  suppose 
to  be  oapable  of  vertioal  movement  tmly,  it  auece«dvel]-  lifta  it  one  inch,  retains  it,  lifts 
it  again  one  inch,  retaina  it,  and  permits  it  to  drop,  and  remain  down  a^cocding  to  the 
conditions  of  the  problem.  The  principal  point  to  be  attended  to  in  the  coastnietion  of 
a  earn  is,  that  the  sinral  portions  leading  from  the  ooe  part  of  the  oiicumfeienoe  to 
oeit  be  not  too  abmpt,  end  that  they  be  oarefuUf  graduated  from  the  one  curvature 
the  other,  »o  that  the  roller  be  not  aubjected  to  sudden  jerks,  bat  be  made  to  rise  from  or 
&11  towards  the  centre  as  gently  and  eeaity  aa  poaaihle.    When  the  lotatiou  of  tlie  ci 
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ii  rapid,  thia  i«  of  the  greateat  impoituice ;  the  smoimt  o: 

the  roller  Rbonld  be  u  mull  upoaBiUe;  orit  ihonld  be  spread  oreriu  large  a  part  of 
the  ctrcomfeieDoe  ai  posnble,  so  that  the  in- 
'ination  of  the  reTolving  glope  maj  be  gentle. 
In  Bome  kinds  o{  printing  machinery  a  peoa- 
lior  form  of  screir  is  applied  for  tiie  coDTBTBion 
of  a  continuong  rotation  into  a  redprocating 
T«oIalineal  mation. 

A  cylinder  A  (Fig.  256}  rotating  in  bearings 
B  B  has  a  double  groove  of  a  screw  form  cut 
lU  itaaurbce,  iu  which  a  pin  e,  prcijacting  down- 
wards  from  the  table  of  the  printing  machino, 
is  iree  to  slide.  The  table  being  guided  to  slide 
beclcwarda  and  forvards  in  a  straight  line, 
is  caused  to  move  by  the  revolution  of  the  cylin- 


der  presenting  always  the  inclined  face  of 
its  Bcrew-groove  to  the  pin.    The  sci 
double,  of  opposite  direction,  with  a 
tiun  at  each  eu!  not  oblique  to  the 
Hg,  !u.  of  the  cylinder.      One   hslf- revolution  of 

the  cylinder  causes  the  pin  to  travel  through- 
out the  length  of  its  screw,  another  half-revolution  retains  it  at  the  end  of  its 
stroke,  the  next  half-revolution  cacriei  it  back  to  the  opposite  end,  the  next  retains  it, 
and  so  on  snoeessively  to  suit  the  alter- 
nate  rest  and  motJon  of  the  printing- 
table  to  the  successive  impressions  and 
intervals  between  them. 

Racks  and  portly-geared  piniocui  are 
Bometinies  used  for  a  similar  purpose, 
thus:— A  double  rack  a  a  (Ftg.  267} 
guided  at  the  ends  b  and  e  to  move  only 
longitudinally,  is  acted  on  by  a  partly-geared  pinion  e  continuously  rotating.  When  the 
teeth  of  the  pinion  gear  with  those  of  the  upper  limb  of  the  rack,  it  is  caused  t< 
from  b  towards  e,  until  the  pinion  having  left  that  limb  enters  into  gear  with  the  othra", 
giving  it  the  contrary  movement,  and  so  on  succesuvdy. 

Fig.  258  represents  an  arrangement  of  a  aimilar  character,  applied  to  produc 
altematiQg  rotary  motion.  A  pinion  e  oontinuouEly  rotates  on  on  axis  fitted  with 
a  universal-joint,  such  as  may  permit  the  pinion  to  gear  either  with  the  exterior 
or  interior  cogs  of  the  double  circular  rack  b  fixed  on  the  &ce  of  a  drum  or  pulley 
a,  and  thus  to  give  it  rotary  motion  roimd  its  centre  a  in  directions  alternately 
opposite. 

On  referring  to  our  remarks  respecting  the  oommnnieation  of  motion  by  pulleys  and 
straps,  it  will  be  seen  that  while  a  pulley  driven  from  another  by  a  direct  strap  revolves 
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<  diiTen  by  s  croued  strap  revotves  in  the  opposite  direction. 
This  principle  is  frequently  spplied  in  machineiy 
where  it  ia  deiinKl  to  revene  the  direction  of 
niotion.  Tto  pairs  of  &st  and  loose  pulleys 
being  unnged  on  a  shaft,  lo  that  one  pair  may 
he  connected  by  a  direct  and  the  other  pair  by 
a  erossad  strap,  with  pulleys  on  the  prims 
tnoTcr;  when  the  direct  strap  i>  on  its  Gut 
pulley,  while  the  crossed  strap  ii  on  its  loose 
pulley,  the  machine  ia  driven  in  the  direction 
of  the  prime-moTer ;  hut  when  the  direct  strap 
is  thrown  on  its  loose  pulley,  while  the  croesed 
strap  is  brought  on  its  fast  pulley,  the  conlzary 
motion  is  produced.  In  apparatus  where  an 
amngement  of  this  kind  is  applied,  as  in  ma- 
chines far  planing  iron,  the  movement  of  the 
:  table  of  the  machine  to  each  extreme  of  its  stroke  is  made  to  shift  the  straps  by  very 
!  aimple  mechanism,  which  is  capable  of  being  adjusted  so  as  to  Tsry  the  amount  of 
i    stroke  at  pleasure. 

Fig.  2S9  repieaent*  another  method  of  reversing  rotary  motion  frequently  em- 
loyed :  a  and  b  are  two  bevil  pinions  revolving  loosely 

n  a  shaft  de,  and  gearing  with  a  bevH  wheel  o.    Between     '--  ~^  i^ 

the  pinions  is  fitted  a  dutch,  sliding  on  but  revolving 
with  the  shaft  de.  The  pinions  being  geared  into  oppo- 
site sides  of  the  wheel,  rotate  in  oppoute  directions ;  and  'j 
as  the  dutch  is  thrown  into  gear  with  the  one  or  the 
other,  the  shaft  dtit  caused  to  rotate  in  the  one  direction 
r  the  other  accordingly.  Instead  of  a  toothed  clutch,  a 
conical  liiction  dutch  is  occasionally  employed  with  good 
effect,  because,  in  the  first  place,  a  very  dight 


of  the  lever  pressing  the 


.e  iulo  its  teat  on  either  ude  is  sufficient  to  couple  the  shaft  with  dth^  whed,  and, 
[he  next  place,  the  ehaft  being  driven  solely  by  the  friction  of  the  conical  snrftoea, 
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cannot  be  subjected  to  any  Btrain  e^ oeeding  tke  tiiction  in  ainouat,  the  cones  slipping 
when  snbjeoted  to  eitreme  strain. 

Fig.  2S0  indicates  a  mode  of  reverring  tbe  directioit  of  rotation  by  means  of  toothed 
gearing.  A  being  a  tooUied  l^eel  oatbe  driving  shaft,  and  B  one  on  the  shaft  to  which 
is  requited  to  convey  motion  in  either  direction,  C,  D  and  £  are  intermediate  pinions 
mounted  on  a  frame  enable  of  vibradng  on  A.  aa  an  azia.  When  C  is  geared  with 
A  and  B,  asin  I.,  bath  revolve  in  the  samo  direction;  but  idien  C  is  thrown  out  of  gear 
with  B,  and  E  brought  into  gear  with  it  aa  in  IT.,  the  direction  of  its  rotation  is  reversed, 
u  indicated  by  the  arrow*.  By  lonie  such  arrangements,  or  modificataons  of  them,  suited 
to  the  eircunuitances  of  any  particular  case,  the  directuHi  of  rotation  may  be  readily  varied. 

It  is  often  required  to  change  a  rectilinesl  motion  having  a  Certain  velocity  to  one 
having  another  velocity,  particularly  in  maohinery  for  cutting  screws.  A  screw,  as  we 
have  already  described,  is  a  line  traced  on  the  surface  of  a  cylinder  by  the  motion  of  a 
point  moving  longitudinally  along  the  cylinder  parallel  to  ita  axit.  The  pitch  of  the 
screw  is  the  distance  through  which  the  tracing  point  moves  longitudinally  while  tlie 
cylinder  makes  one  lerolution,  and  in  practice  it  is  necessary  to  form  acrewa  of  nnmerous 
different  pitches  according  to  their  dimensions  and  the  circnmitances  under  which  they 

to  be  used.    The  pitch  of  a  screw  is  generslly  named  according  to  the  number  of 

B  or  convolutions  which  the  screw  nulies  in  *  certain  length  of  the  cylinder.  Thus, 
when  a  screw  has  8  turns  to  the  inch,  we  say  that  it  haa  a  pitch  of  }th  of  an  inch — 
is,  during  one  revolution  of  the  Cylinder  on  which  the  screw  is  formed,  ihe  tracing 
point  advances  longitudinally  ^th  of  an  inch,  or  while  the  tntdng  point  advances  I  inoh 
the  cylinder  revolves  8  times. 

A  (Fig.  2S1)  is  a  cylinder  revolving  in  hearings  at  each  end,  with  a  toothed  wheel 
B  fixed  at  one  end,  and  D  a  screw  mounted  in  bearings  parallel  to  the  cylindo;,  and 
carrying  a  nut  F 
with     a     tracing 
point  G  projecting      ^    ■ 

aurface  of  Iho  cy-  "^ 

Under,   the   screw  '^j. 

having  a  toothed  ^^^ 

wheel  E   gearing  ^^ 

diate     wheel     C,  Fig.  261. 

which  Bko   geara 

I  B.  On  causing  the  cylinder  A  to  rerolre,  the  screw  D  is  also  caused  to 
revolve,  the  nut  F  and  tracer  C  are  mado  to  move  longitudinally  parallel  to  the 
is  of  A,  and  the  acrew-curve  traced  on  A  is  that  due  to  the  velocity  with  which  A 
revolves  as  compared  to  the  speed  with  which  G  advances.  By  altering  the  proportions 
or  numbers  of  teeth  in  the  wheels  B  and  £,  the  relative  velocities  of  the  cylinder  and 
screw  may  be  changed  at  pleasure,  and  the  pitch  of  the  screw  traced  on  A  from  a  screw 
D  of  constant  pitch  may  be  proportionally  varied.  In  lathes  or  machines  for  cutting 
screws,  the  cylinder  A  is  the  piece  of  metal  on  which  the  screw  is  to  be  cut,  its  axis  is 
what  is  technically  csUed  the  mandril  of  the  lathe,  and  the  tracing-point  6  is  a  sti^cl 
tool  cutting  into  the  metal  so  as  to  leave  the  screw-thread  projeeting.  The  screw  D  has 
generally  a  pitch  which  is  some  simple  fraction  of  an  inch,  such  as  j  or  jrd  of  an  inch, 
and  the  lathe  is  furnished  with  numecous  toothed  wheels  which  may  be  jrut  in  the 
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place  of  B  and  £  to  Tuy  tlie  pitch  <Jthe  out-aarew  aa  may  be  required.  If  iretaketlio 
caw  of  a  lathe  having;  a  gcrew  D  of  J  eaindi  pitch,  or  makiiig  2  tnma  per  inch,  irhen 
the  vheela  B  and  E  have  «qtul  DimibeiB  of  teeth,  whatever  be  the  aize  of  the  ini 
maiHate  irheel  C,  the  screw  D  lerolTea  with  Uie  aame  ai^ular  Telocity  and  in  the  ti 
directian  with  the  work  A.  The  tool  O  therefore  advancea  ^  an  inch  along  the  enrfaoo 
of  A  dunng  each  rerolution  of  A,  and  cuts  a  tcnsw  of  predaely  the  Bsme  piloh  and  lying 
in  the  aame  dicecstion  nith  that  on  the  screw  D.  Sut  if  in  plitce  of  two  eqnal  wheels 
S  and  £  we  put  wheels,  B  hnvmg  20  teeth  and  £  having;  40,  then  the  screw  D  will  be 
caused  toreTulve  at  jSths,  or  j  the  speed  of  A,  and  the  tool  will  adTanoa  J  of  |  an  inch, 
la  ^th  of  an  inch,  during  each  revolution  of  A,  and  thus  to  cut  a  thread  of  Jth  of  on  inch 
pitch  upon  it.  Scrow-cutting  lathes  are  generally  furnished  with  a  table  of  sorew 
pitches,  and  the  appropriate  wheels  for  prodocing  them,  inch  that  the  workman  by 
inspecting  the  tshle  can  at  once  select  the  proper  wheels  for  giving  the  desired  pitch. 
The  wheels  belonging  to  the  lathe  have  their  nambera  of  teeth  stamped  upon  them  b 
save  the  trouble  of  counting  them.  Sometimes,  nhen  the  difference  of  the  speed  of  the 
screw  and  of  the  wink  is  required  to  be  considerable,  inatead  of  the  aimple  intermediate 
wheel  0,  it  is  necessary  to  introduce  a  wheel  and  pinion  C  and  «  fixed  together.  Thus 
it  it  were  required  that  the  screw  should  revolve  at  -j^gth  of  the  veloci^  of  the  mandiil, 
were  the  amaUeat  possibb  wheel  B  to  have  20  teeth,  it  would  be  nooeasajy  Uuit  E  should 
have  600  teeth,  because  ^  ^  ^th,  were  the  simple  intermediate  wheel  C  employed. 
This  sise  of  wheel  .for  E  might  bo  extremely  inconvenient,  and  it  would  be  better  to 
employ  the  compound  intennediate  wheel  and  pinion  C  and  e.  In  this  arratigement  B 
having  20  teeti,  C  100,  c  20,  and  E  100,  lie  speed  of  E  ia  ,^°  ^  ^°  =  aVth  of 
I  that  of  B.  In  the  lathe  table  the  first  column  gives  the  pitch  of  the  screw  to  be  cut, 
I  the  secnnd  gives  the  number  of  teeth  On  the  maadril  wheel  B,  the  tMrd  and  fburth  give 
the  numbers  of  teeth  in  the  intermediate  wheels  C  and  e  respectively,  and  the  fifth  gives 
the  nuinbec  on  (he  scrow-wheel  E.  When  the  compound  intennediate  wheels  are  not 
I  required,  the  columns  of  intermediates  are  left  blank,  ea  any  simple  intermediate  may  be 
employed  without  altering  the  relative  velocities  of  the  mandril  and  screw-wbeelfl.  The 
fotlDwingis  part  of  a  tabic  fora  lathe  having  a  screw  of  ^  inch  pitch: — 


dtil  Wh«l. 

wheob. 

20 

30 

120 

40 

100 

18 

30 

90 

30 

90 

16 

30 

120 

40 

SO 

15 

40 

or  20 

too 

30 

90 
160 

20 

80 

40 

70 

Vi 

20 

120 

U 

20 

110 

10 

20 

100 

9 

20 

90 

8 

30 

120 

7 

20 

6 

40 

120 

5 

40 

* 

40 

80 
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we  examiiie  any  part  of  tha  table,  aa,  for  iiuUnce,  the  numbers  giTCn  fai  14 
to  the  inch,  ire  flnd  the  fbUowing  rule  obtiuiui : — The  pitch  in  eol.  1  is  cqiml  to 
the  product  of  the  nambcrs  in  3  and  5,  divided  bj  the  product  of  those  in  2 
Again,  where  i 


Thus  14  =  2^  -— „. 

20  X  *l> 

ployed,  the  pitch  is  twice  the  number 
120  teeth. 


mpound  intennediate 

5  divided  by  that  in  2.    Thus  6  pitch 

2  pitch  V i- 

^        ^   40  teeth. 

For  machinery  by  which  straight  lines  or  the  oiroumforencee  of  circles  are  divided 
into  a  number  of  equal  parts,  aa  for  the  marking  out  of  scales  for  measuring  or  aatro- 
Qomiwil  instramenta,  or  for  cutting  teeth  ia  racks  and  wheels,  the  screw  flJid  the  worm 
and  wheel  are  often  employed  in  order  to  give  the  means  of  delicate  suhdivision.  When 
a  screw  is  used  for  such  a  purpose,  it  is  generally  called  a  micrometer  (small  measoreT) 
screw,  and  the  principle  on  which  it  acts  may  be  thus  desoribedT — If  we  suppose  an 
accurately  cut  screw,  haviog  ^Ih  of  an  inch  pitch,  to  be  fitted  with  a  nut,  the  motion 
of  the  screw  through  one  revolution  would  advance  the  nut  through  ^^th  of  an  inch. 
If  on  one  end  of  the  screw  there  were  fitted  a  wheel  having  its  circumference  divided 
into  100  equal  parte,  (he  screw  might  be  turned  round  any  number  of  revolutions  or 
hundredths  of  a  revolution,  as  marked  by  a  fixed  index  pointing  to  the  divisions  on  the 
wheel.  But  for  every  hundredth  part  of  a  revolution  of  the  screw,  the  nut  would  be 
advanced  yinth  of  Ath,  that  is,  jra'sath  part  of  an  inch ;  and  by  using  a  screw  of  still 
finer  pitch,  and  having  a  wheel  mounted  upon  it  divided  into  still  smaller  and  more 
numerous  parts,  the  longitudinal  advance  of  the  nut  through  still  smaller  fractions  of 
an  inch  could  be  effected  oud  estimated.  It  is  by  such  an.  arrangement  that  tha  fins 
dividons  of  mathematical  instruments  are  traced,  and  the  fine  lines  traced  upon  me- 
dallion drawings  are  engraved.  For  circular  division,  tliB  screw,  instead  of  moving  a 
nut  loQgitudinaily,  acts  as  a  worm  on  the  teeth  of  a  wheel,  and  causes  it  to  revolve 
through  any  required  part  of  its  ciroumference.  Thus,  if  we  had  a  worm-wheel  with 
360  teeth,  and  a  worm  with  a  wheel  fitted  on  its  axis,  having  380  divisions,  we  could 
move  the  wotm-wheel  through  sioth  of  sJuth,  that  is,  if  Affjth  of  a  revdntiOB,  or  any 
number  of  such  fi-actions  of  a  revolution.  And  farther,  if  tho  wheel  upon  the  screw 
ware  a  toothed  wheel,  and  we  bad  numerous  other  toothed  wheels,  vritb  various 
numbers  of  teeth  like  those  we  have  described  for  a  screw-cutting  latbe,  we  mighty  by 
th«  proper  selection  of  wheels  gearing  with  that  on  the  screw,  efiect  the  diviaioa  of  the 
circle  into  any  number  of  required  equal  parts.  Such  apparatus  are  employed  for 
dividing  the  cirmunferences  cf  astronomical  instruments,  and  also  for  cutting  the  teeth 
of  wheels.  When  the  number  of  teeth  to  be  cut  is  a  multiple  of  some  simple  numbers, 
such  as  60,  which  is  s  multiple  of  some  of  the  numbera  2,  3,  4,  S,  6,  10,  IS,  15,  20,30, 
it  is  generally  easy  to  select  wheels  which,  in  connection  with  tha  screw,  shall  ip,Yt  tha 
required  number  of  equal  divisions ;  but  when  the  number  of  teeth  is  what  is  called  a 
prime  number,  snoh  as  59  or  61,  which  is  not  capable  of  subdivision,  we  must  either 
provide  wheels  having  suoh  a  numbn^  of  teeth  already  cut  in  them,  or  resort  to  methods 
of  approximation  fbr  their  subdivision.  Thus,  if  with  the  360  teeth  on  the  worm  and 
3S0  divisions  on  the  serew-wheel,  we  dasired  to  divide  a  circle  into  61  equal  parts,  w 

should  .for  eaeh  part  turn  the  screw  through  — ^r —  ^  2124J  divisions,  or  -^g^  = 
5  revol.  321}  dir.  nearly.  The  error  at  the  end  of  the  proecM  would  be  found 
thusi- 
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Since  thetotalnonibeTof  diTUtoiudiM  toa  Gompleta  reroIutioiiaM  120,600, 
ud  liiuw  2124J  X  61  =  139,S94, 


implete;  that  is,  — 


^,  or  about  asHiti  part  of  . 


;  6}  diviaions 

a  ciicumfetencc : 


levolutioii  of  the  wheel  irould  v 

120,600'  ' 
quantity  i^uite  mappreciabla. 

In  KiTera]  macbineg  it  is  necenarj'  to  proride  a  rotary  motion  mora  lapid  a 
portion,  of  a  revolutioD  than  at  another,  aa,  for  ioitanoe,  in  machinea  foi  Blotting  and 
planing  iron.    The  iion  to  be  planed,  or  the  tool  which  places  it,  makee  a  rectilineal 
atroke  alovlf  in  the  one  directioD  while  the  metal  is  being  cut,  but  may  be  drawn  back 
rapidly  in  the  oppoaite  direction  when  no  work  ia  done.    For  producing  motion  of  tbis    : 
kind,  elliptical  geared  wheels  are  employed  (Fig.  262) .    The  ellipae  ia  a  curre,  of  which 

tlie  line  A  B  ia  called 
tbo  greater  axia,  aiul 
each  of  thetwopointa 
C  and  D  in  that  line 
ii  called  a  (bciu.  If 
to  any  point  E  in 
the  circumfeicDce  of 
.  N  the  ellipie,  Unea  C  E 
and  DE  be  drawn 
&om  the  foci,  the 
aum  of  their  lengtba 
ia  equal  to  that  of 
the  axil  A  B.  Far- 
ther, ifthelineaCB 
and  DE  be  prolonged 
beyood  the  curve, 
and  a  line  F  Q  drawn 
Bou  to  divide  equally 
either  of  the  angles 
formed  by  their  in- 
tenection,  the  line 
FQ  ii 

the  curve  at  E;  that 
Fig.  aoi.  iS)  it  toachea  it,  but 

does  not  cut  it>  oi 
every  part  of  it,  except  merely  the  point  E,  liea  entirely  outside  of  the  curve.  I^  in 
t^  prolonged  portion*  of  the  lines  C  E  and  B  E,  lengtha  E  K  and  £  H  be  measured  off 
equal  to  DE  and  CE  reepeetively,  H  and  K  may  be  taken  ai  the  foci  of  anrothei- 
ellipse,  praoieely  equal  in  every  respect  to  the  original  ellipse,  and  having  tb 
and  the  tangent  F  0  touching  it  at  E ;  and  aa  F  G  touches  both  ellipses,  they  touch 
each  other  at  the  same  point  E,  and  the  length  of  the  line  C£,  which  ia  made  up  o£ 
CEandEE,  or  its  equal  ED,  is  equal  to  A B  01  ~  " 

ThcM  pcQultar  properties  of  the  ellipse  enable  us  to  em)doy  elliptical  wheels,  each 
revolving  round  a  focus  aa  a  centre,  C  for  the  one  and  E  fiv  the  other,  the  ti 
maintaioing  a  constant  distance  apart,  whatever  be  the  relative  position  in  which  the 

-  _ 
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vhmli  li«  with  nqieot  to  eaoh  athta.  The  circnm&iences  are  cut  into  te«th  and  qMeea 
like  DcdintuT  circular  gearing,  the  eUiptical  curre*  being  their  pitch  linei,  on.  which 
the  equal  diviiiona  aie  let  out. 

It  will  be  obaerred  that,  during  a  rerolution  of  these  wheels,  the  ptont  U  geaia 
with  B,  and  the  point  L  gean  with  A ;  but  as  t^  radii  of  these  point*  aie  C  B  and 
E  M,  and  E  L  and  C  A  trnpactiTelf,  the  angnlac  vdocitiei  of  the  wheels  at  these  point* 
Tiry  inveraely  aa  the  lengths  of  theee  ndii.    If,  for  instance,  C  A  be  ^th  of  A  B,  and 
Uierefore  C  B  ;=  Jths  of  C  A,  £  H  being  equal  to  G  A  and  K  L  to  C  B,  when  the  point* 
B  and  M  are  engaged  the  wheel  2  is  revolving  with  3  timca  the  anguliiT  velooit;  of  1, 
because  the  radiu*  C  B  is  three  times  the  length  of  K  H ;  but  when  the  points  A  and  L    | 
are  engaged,  the  wheel  3  is  isralTing  with  }rd  of  the  angular  velocity  of  1,  because   : 
AC  is  Jrd  of  EL.     Bo  at  all  p<unts  intermediate  to  these,  except  at  N,  0,  F,  and  Q,    ] 
where  the   radii   are  equal,   the 
relative  angnlar  velodties  of  the 
wheels  vary  between  the   limits 
we  have  named. 

For  some  purposes  in  the  manu- 
&atiire  of  textile  fabrics,  gearing 
like  thst  in  Fig.  2B3  is  emplojed. 
Tbeae  vary  tlie  angular  velooilies 
4  times  in  every  revolution ;  and 
the  principal  oonditioii  of  their 
omsbuetion  is,  that  the  diatance 
between  thrir  centre*  be  a  con- 
stant  quantity. 

The  tm  and  flcmtt  wAmI  is  a  Fig.  lea. 

oDutrivance  for  oonverting  a  re- 
ciprocating iota  a  rotary  motion.    It  waa  employed  by  Watt  instead  of  the  crank  in  a 
steam-engine,  not  because  he  preferred  it  to  the  latter,  but  because,  through  the  bad 
&ith  of  a  workman  who  patented  the  crank  as 
his  own  invention,  he  waa  precluded  from  em- 
ploying it.    The  sua  or  centi»l  wheel  A  (Fig. 
264)  gears  with  the  planet-wheel  B,  which  is 
caused  to  revolve  reoud  A  without  rotating 
'  round  its  own  centre,  being  fljted  to  the  end 

I  of  the  conooeting-Kd,   and  retained  in  gear 

i  with  A  by  means  of  •  link  connecting  their 

i  centre*,  and  revolving  freely  with  B.    When 

\  the  sun  and  planet-wheeli  have  equal  numbew 

\  of  teeth,  every  revolution  of  the  latter  causes 

2  revolution*  of  the  former,  as  may  be  under- 
stood by  watching  flie  relative  poaitionB  of  a 
tooth  in  each  at  different  parte  of  a  revolution. 
When  the  planet  is  vertically  above  the  sun- 
nt.  IM.  vheel,  the  tooth  B  of  the  one  is  engaged  with  the 

space  A  of  the  other ;  and  when  the  planet  has 
made  half  a  revolution,  BO  as  to  be  verUcaUy  below  the  sun,  the  sun  has  made  a  complete 
tevolatioo,  so  as  to  bring  the  space  A  quite  round  to  the  point  where  it  was  at  the 
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eommancenimt.  One  lulf-reTolution  of  A  ia  owing  to  the  half-ierolntion  of  B  pii>- 
peUinf  it  round,  while  the  atlier  lulf-tcrolutioa  of  A  is  effected  by  the  rdl  of  the 
tootWhalf  circumference  of  B  presenting  &e&li  teeth  and  ipwiM  to  A  St  tlbe  toccessiTe 
pouila  of  its  revolDtion.  When  the  nnmbers  of  teeth  in  the  tva  irheeU  tue  different, 
the  velooitj  of  the'  sus-wheel  vsiiee  sccotdinglf ,  as  may  be  best  usdentood  by  Bit 
example.  Let  ns  suppose  that  the  mn-wheel  .haa  10  teeth,  and  that  the  pUnet 
has  SO  1  then,  daring  one  raTolotioD  of  the  [Janet,  it  has  preaeuted  the  vhole  of  its  50 
teeth  to  the  ean-wheel,  and  theiefoie  turned  it  throi^h  GO  teeth,  as  well  as  its  own 
complete  revidution  of  40  teeth.  The  son-wheel,  therefi>re,  dnring  1  refolutioa  of  tbe 
planet-wheel,  toms  tonnd  a  distance  equivalent  tu  90  of  its  teeth,  or  fgthe  =  2^  revo- 
lutiono. 

Matlon. — It  is  often  iifinrMiiiij  to  pnrride  the  means  of  stopping  IJie  motion  of 
machinery  when  the  mere  cessation  of  power  in  1^  prime  mover  ia  not  aufflcioat  for  the 
purpose,  .  In  a  crone,  when  lowering  a  heavy  weight,  it  nsy  be  dcBirable  to  lower  it  to  a 
certain  point  and  no  farther,  and  therefore  to  stop  the  machinery  of  the  crane  when  the 
weigbt  ;bas  descended  auffloiently  (or.  Or,  ^ain,  in  any  apparatus  provided  with 
a  flj-wheel,  or  parts  moving  with  considerable  momentum,  soch  as  might  continue  the 
movement  after  the  power  haa  been  withdrawn,  it  may  be  eaential  to  provide  the  meana 
of  stopping  the  movement  more  suddenly.  The  most  simple  tirangeroent  for  this  pur- 
pose is  the  ^wi  or  iiictioD-strap  (Fig.  26G).  a  is  a  wheel  rsvolvingwitlithereetoftbe 
machinery,  and  ib  a  fiexible  strap  of  iron  passing  round  part  of  its  circumference.  One 
end  of  thia  itr^  being  fixed  bj 
■  pin  to  some  motionless  part  of 
the  macliine,  and  the  other  at- 
tached  to  a  lever  e  pivoted  on  a 
fulcrum  d,  tm  applying  force  to 
the  loaf  am  of  the  leva',  the 
stnp  ia  drawn  tightly  round  tha 
circnmfbreDM  of  the  wheel,  and 
the  friction  caused  by  the  close 
contact  soon  l»ings  tbe  wheel  to 
rest  The  great  advantage  of 
employing  friction  as  a  means  of 
arresting  motion,  oonusts  in  the 
circomatance  that  it  acts  notsud- 
denly  but  gradually.  Were  some 
solid  obstacle  presented  to  the 
n  of  any  part  of  a  train  of  heavy  or  tapidly  moving  machinery,  the  momentum  of 
j  all  the  moving  parts  would^have  to  be  suddenly  destroyed,  and  as  no  time  would  be 
afforded  fbr  ^ig  operation,  the  strain  would  be  incalculably  great,  and  inevitable 
damage  would  ensue.  But  when  tlie  fiiction-break  is  employed,  the  wheel  to  which  it 
is  applied  makes  pertiaps  two  or  three  revolutions  before  it  comes  finally  to  rest,  and  the 
time  BO  occupied  allows  the  momentum  of  all  the  parts  connected  with  it  to  expend 
itself  in  overooming  the  great  additional  resistance  caused  by  the  friction. 

In  putting  an  extenaive  train  of  machinecy  in  motion,  tbe  inertia  of  all  the  parts  at 
rest  has  to  be  overoome  in  like  manner ;  and  were  this  done  suddenly  the  strain  would  be 
as  great  as  in  the  opposite  case  of  suddenly  arresting  their  motion.  This  contingenc/ 
isgenerally  mot  by  the  use  of  pulleys  and  atrt^  in  oommiuuealjng  the  power.    Astrap, 
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commuiiiostiDg  motion  from  one  pqlle;  to  anotlw,  acta  aaly  by  iUfirictioD  oo  their  cuoi 
ferencea ;    aad 
whenUieatrain 
Thich.  It  has  to 

ceeds  the  fotco 

due  to  its  iiic- 

tioii,  the  itiap 

alips  at  first  to 

It  coiuiderahle 

extent,  butgM- 

duoUy  lese  and  „ 

leaa,  until  ths 

proper  Telocity 

ia  attained  and 

the  gtrap  and 

of   the  pulley 

eon.  .  In  cases 
vhere  atrapa 
couuot  be  con- 
Teniently  ap- 
plied for  drir- 
ing  a  train,  a 
friction   coup* 

ployed.      Fig, 

266  ia  a  viev 

of    one    Tccy 

generally  used. 

A  ia  the  drir- 

ing  ehait,  and 

B  the    driven 

shaft,  the  enda 

of   which   are 

free  to  roTolva 

in  the  boaa  of 

n  wheel  C,  true 

and  smootli  on 

ita   ciioumiec- 

ence,  to  Thicb 

is    applied    a 

friction  -  strap  Fig.  MB. 

D  worked  by  a 

tuitoble  lever.    Within  the  wheel  C  a  bovel-piniou  F  is  mounted  in  beanjjga,  ita  i 

being  at  right  anglea  to  that  of  the  wheel  and  ahafta ;  and  bevel  wheels  G  and  H,  one  on 

each  ahaft,  are  fitted  to  gear  with  tlie  pinion  F.    If  the  Motion-ilrap  D  be  loooa,  ao  ai 
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to  leaTe  the  wheel  0  ftM  t«  TCTolTe,  the  rotation  of  the  duft  A  and  ita  wheel  G  giret 
motioii  to  iJie  pmion  F,  aod  canaea  ita  teeth  to  travel  in  those  of  the  atationaiy  wheel 
H,  and  thm  to  make  the  wheel  C  rotate  at  half  the  'angular  veloeitjr  of  A  without 
putting  B  in  moUaa.  But  if  C  he  atTeat«d  bj  the  friction  of  the  strop  D,  theaziaof  F 
become!  Sxed,  and  the  rotation  of  A  and  G  i>  commanicated  throi^h  F  to  B  and  E 
tiie  aame  ipeed,  but  id  the  opposite  direction.  The  nee  of  the  Motion-atrap  in  I 
appanto*  p>«aent»  the  adnotages  in  gradually  generating  momentum  in  the  driven 
machinery,  similar  to  those  derived  &om  ita  use  in  deatroying  the  momentum 
machinery  in  motion.  Altiiougb,  for  the  sake  of  simplicity,  we  have  represented  only 
one  bevil  pinion  F  mounted  in  the  fiiction-wheel,  it  is  onstomaiy  to  provide  at  least 
two  on  (^posito  sides  of  the  centre  in  order  to  balance  it,  and  acmetimes  lour  aro  fit 
for  the  Bake  of  equilibrium  and  strength. 

It  oflen  becomes  important  to  inquire  what  amount  of  power  is  eommnnicated 
through  a  certain  tmin  of  machinery.  When  a  steam-engine  is  employed  as  the  prime 
moTer  of  any  machine,  the  power  communicated  can  be  readily  ascertained  by  the  indi- 
cator. The  engine  is  first  worked  alone,  or  irith  merely  the  train  of  wheel-work,  in 
order  that  the  power  neeeasary  to  overcome  Mction  may  be  estimated.  It  is  then  worked 
in  connection  with  the  machine,  and  the  driving-power  required  fbr  the  machine  is 
asoortained  by  anbtractang  the  f oroe  neoessary  to  overcome  friction  &om  the  total  power, 
including  friotJon  and  the  resistance  of  the  machine.  When  machinery  ia  driven  by 
some  other  power,  or, when  tbe  indicator  cannot  be  ctnrenientiy  applied,  the  dyna- 
mometer (power-meaaurer)  is  employed. 

The  moat  simple  kind  of  dynamometer  consists  of  a  pulley  A  (Fig.  267)  fixed  on  the 
driving-ahaft  of  the  machinery 
whose  power  is  required  t 
be  known.  This  pulley  i 
EoiTounded  by  a  fleziblo 
Mction-strap  C  B  D, 
ends  of  which  may  be  drown 
cloaaly  blether  by  a  screw  at 
a  D,  BO  aa  to  tighten  the  ftrap 

aa  much  aa  may  b«  neoessary 
on  the  cireoffifereuce  of  the 
pulley.  From  a  hook  C  a 
tached  to  the  itnp  is  sni 
pended  a  acale  E,  in  which 
sufficient  weights  may  be 
placed  to  prevent  the  strap 
from  being  carried  round  by 
the  pulley  in  its  revolution 
A  loose  oord  or  ch&in  C  G 
fixed  at  G  ia  also  provided  to 
keep  the  strop  in  its  place  in 
case  of  the  load  E  being  in- 
^'  sufficient    to   eonnterbalance 

the  fiiotion  of  the  ttrap.  Withont  this  loose  oord,  a  sudden  increase  of  speed  or  fric- 
tion ni^t  lift  the  scale  end  wrigble,  and,  whiriing  them  round  the  pulley,  do 
senous  damage  to  the  machinery.    In  uung  this  machine,  the  q>eed  of  the  shafk  is 
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cueAiJly  uoertuaod  bj  counting  tlie  aomber  of  ita  niTOlutioiu  per  minute,  and  the 
aacBW  D  ii  gradoftlly  tightened  nntil  the  acale  and  ita  load  are  joit  kept  up  by  the  fric- 
tion, the  imaginaiy  line  A  C  being  faoiiiont*!.  If  the  tightening  of  tbe  Borew  otOMi  IIil' 
■cale  to  be  lifted  vitbout  reducing  the  speed  of  the  pulle;,  more  weight  hu  to  be  added 
to  the  icale;  but  if  the  scale  with  ita  load  cannot  he  lifted  without  retarding  the  pulley, 
the  weight  must  be  reduced.  Earing  found  the  weight  that  is  just  supported  when  the 
Telocity  ii  con«ct,  the  power  may  be  ucertained  ai  follows : — The  length  of  A  C  being 
the  leTerage  at  which  the  weight  E  acts  to  retard  the  rotation  of  the  pulley,  tlie  power 
pMsing  throogli  the  pulley  muit  be  suoh  as  would  lift  l^e  giTon  weight  at  the  distance 
A  C  from  its  centre,  or  that  would  daring  each  revolution  more  Uie  weight  E  through 
a  space  equivalent  to  the  circumference  of  a  oirale  having  A  0  foe  its  radius,  Sincu 
twice  A  C  i«  the  diameter  of  this  imaginary  circle,  and  the  oircumference  is  3f  timts 
the  diameter,  2  X  3^  or  ef  times  A  C  ia  the  apace  through  which  the  weight  is  diiveii 
daring  each  revolution,  and  this  quantity  multiplied  by  the  nomber  of  revolutions  per 
minute  is  the  total  space  through  which  the  resistance  is  moved  during  eaeh  minute. 
The  power  ia  the  weight  multiplied  by  ita  velocity  or  the  distance  through  which  it  is 
moved  per  minute ;  and  aa  33,000  lb*,  moved  through  1  fiwt  per  minute  is  the  standard 
horse-power,  we  have  the  following  rule  for  estimating  the  horse-power  «a  indi«ited  by 
Qie  dynammneter. 

jMfe.— Multiply  wei^t  E  (in  lbs.)  by  the  length  of  A  C,  the  lever  at  which  the 
weight  acta  (in  Uet)  by  6f  and  by  the  number  of  revolutiona  of  the  pulley  per  minute, 
and  divide  by  33,000  (6r  the  horae-power. 

Sxamplt. — The  length  of  A  C  being  2  feet  4  inches,  or  2;^  feet,  the  load  E  (induding 
Ae  weight  of  the  scale)  being  78  lbs,,  and  the  velocity  of  the  pulley  120  rortJutiona 
pea  minute,  required  the  power. 

781b..XatXfl>X120  ^  ,.,9  hor-^ 

33000  "^ 

In  dynamometers  of  thii  kind  the  Mction-stiap  is  plentifully  supplied  with  oO,  and 
it  is  found  better  to  fWce  the  interior  of  the  friction-etrap  with  blocks  of  wood  beaiing 
onthesurbee  of  the  pulley;  heoanae  the  friction  of  wood  on  iron  is  of  a  more  constant 
ohorsoter  than  that  of  iron  on  iron.  When  iron  rubs  oa  iron  withont  the  preaencft  of 
oil  or  grease,  great  heat  ia  produced,  and  the  metal  surfaces  cut  into  each  other  and  be- 
come ronghened.  But  when  wood  bears  on  iron,  if  the  surfaces  ara  not  oiled,  the  heat 
induced  by  the  Motion  will  only  char  the  wood  without  damaging  the  iron,  and  will 
not  eSbct  any  great  variation  in  the  amount  of  friction. 

Friction  it  also  employed  as  a  means  of  arresting  motion  in  the  case  of  oaniagei  on 
declivities  and  railway  trains.  By  the  use  of  wheels  to  carnages  the  friction  is  trans- 
ferred from  the  surface  of  the  road  or  rail  to  that  of  the  azk.  As  tie  radius  of  the 
wheel  is  the  length  of  lever  at  which  any  obstacle  oppoaed  to  its  progress  acta,  while  the 
very  mueh  amaller  radius  of  the  axle  is  the  lever  at  which  its  friction  acta  to  oppoae  the 
rotatitm  of  the  wheel,  the  larger  the  wheel  and  the  amaller  the  axle,  the  less  is  t^  reaiit- 
anoe  from  fricttm.  If  we  were  to  suppose  Uie  axle  extended  to  almost  the  whole  dimen- 
sions of  the  whed,  that,  in  fact,  the  whed  were  only  the  thin  iron  tyre  revcdving  round 
a  solid  oential  part,  the  resistance  to  the  motion  of  the  oarriagewould  be  almostaa  great 
aaif  it  were  drafted  along  like  a  sledge.  So  if  the  wheel  be  prevented  from  rovdving, 
it  has  to  be  dragged  along  the  road,  and  the  oppoution  which  the  friction  thereby  {treated 
pieaenti,  acta  as  a  great  retarding  fi»roe.  In  oidiuary  oarriagee  the  whed  ia  genendly 
prevented  from  revolnng  by  placing  under  it  a  skid  or  plate  of  iron  attached  to  the  oar- 
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iJBgs  bf  •  oliUD,  which  luu  to  be  dragged  iliHig  like  ailadge.    In  nilwty  canikgea  tli« 

rotation  of  Ike  wheeli  ia  uieited  bj  raeaiu  of  blocks  of  wood  prcMcd  against  their  cii> 

cnm&niioea.    Theae  blooka  tn  oonneeted  by  larata  and  roda  with  aorewa  oonTsaientlj 

uttwtad,  ao  that  the  engine-driver  and  guaida  can  force  them  againat  tlie  wbeela  or  i«- 

more  the  pieasuie  at  pleamre. 

I         Except  in  theae  few  inatancea,  and  tliat  of  puUBja  and  abapa,  in  which  friclioa  ia 

'   employed  at  a  meana  of  conuntmicating  power  or  arreating  motiOTt,  it  acta  ai  a  reiiitance 

!   in  all  mechanioal  airangementa.    Although  thia  Teaistanoe  oannot  be  totallv  overcome, 

.   yet  by  carefully  deaipiing  the  anangementa  of  mMhinary  with  regard  to  the  ■impHcity 

:   and  piaper  focniMioa  of  ila  paita,  by  good  execution  of  the  wo^  by  the  aeleclion  of  suit- 

'   able  '"«t""«l«|  and  due  proviaion  of  labiicatiDg  mateiialB  wherever  aoifacea  move  in 

cootaot  with  each  other,  it  m>y  be  diminiahed  to  a  very  great  extent. 

Inorder  that  wemay  fonuacleermtjnuite  of  Mction  aa  a  retarding  force,  wemny 
tappoM  A  (Fig.  268) 
■■  to  be  s  piece  of  mat*- 

V  rial,    auch    aa    iron, 

wood,  biaas,  or  the 
like,  having  a  amooth 
lower  surface  in  con- 
tact with  a  smooth  ta- 
ble B  of  the  aame  or 
anyoAermalenal.  If 
A  be  joesaed  down  by 
a  peipendiculai  form 
C,  it  will  be  found 
'  that  in  order  to  move 
it  laterally  along  the 
table,  some  fbroe  D 
will  have  to  be  im- 
pi«aaed  upon  it,  and 
thiafoiee  will  be  great- 
er the  greater  the  per- 
pendicular preasure  C. 
There 


to  put  A  in  motion,  but 

resisting  ita  motion  in 

obedience  to  the  fores 

I  ^  j  D.  Thererislingforoa 

j  Eia  the  friction  of  the 

•^^i^^^^^Jj^^^MMjiW^^j^^^^^^^^yir  surjaoes  A  and  B.    In 

^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^     order  to  meaanre  the 

■      '  amount  of  thia  reaiat- 

^  let  -OB  anppoae  a  liirce  FA  acting  obliquely  at  snch  an  angle  aa  just  to  causa 

A  to  slide  along  the  tabic ;  Aen,  on  completing  the  paraUelograni  70  AH,  whil«FH 
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or  6  A  meuarea  tiie  amount  of  foroe  acting  p«rpeit<K(>ulatl]r  to  the  table,  F  O  or  ] 
meaiurei  the  force  actliig  parallel  to  Uie  table  and  onuing  A  to  dide  along  it 

Noir  it  is  found  practioally  that  Thateror  be  the  abaolute  force  F  A,  and  vhalarer 
be  the  extent  of  A'a  enrfaoe  in  contact  with  B,  the  obliqnitif  of  F  A  or  the  angle  FAG 
which  it  make*  with  &e  petpendicular,  when  it  juat  causes  A  to  ilide,  is  Tery  nearlj 
constant  tor  any  given  material. 

The  ratio  which  A  JEC  bears  to  A  G,  or  the  fraction  expressing  tlie  division  of  A  H  by 
A  G,  is  called  the  CMjRcimt  of/rielii/n,  and  the  angle  F  A  6  is  called  the  limilitig  aagUof 
twrtrnKW.  Seme  rery  oarsful  experiments  bave  been  made  to  determine  the  valnes  of  I 
these  for  diSerant  materialfl ;  theirresultsare  embodied  is  the  accompanying  table.  The 
coofflcient  of  Uctioii  is  the  tangent  of  tlie  limiting  angle  of  resistance ;  and  if  we  bnow 
the  one  we  oan  easily  And  (he  other  from  a  trigonoiaetrical  l*ble.  We  hate,  however, 
given  an  approximate  value  of  both  to  save  the  trouble  of  referenee.  As  en  example  of 
the  praotjcal  application  of  theao  numbers,  we  may  take  the  case  of  bran  and  iron,  for 
which  the  coefficient  of  friction  is  '143  and  the  limiting  angle  6°.  If,  then,  a  piece  of 
smooth  iron  weighing  1  cwt.  rested  on  a  brasE  plst«,  it  would  require  a  lateral  force  of 
IS  lbs.  to  cause  it  to  sUde,  for  1121be.  (the  vertical  pressure)  X  '143  ==  16  lbs.  Or,  if 
the  brass  plate  were  inclined  8°  to  the  horiEon,  the  iron  would  slide  along  it  from  ita  own 
weight.  Or,  again,  if  we  aupposo  a  smooth  round  shaft  of  iron,  weighing  1  ton,  rovolr- 
ing  in  a  brass  bearing,  the  force  Beccssary  to  be  applied  at  the  oiroomference  of  the  shaft 
to  OTereome  its  fiiction  would  be  2240  X  '143  =  320  lbs.  Asmming  the  shaft  to  be 
6  inches  diameter,  or  to  have  a  radius  of  3  inches  at  the  bearing,  the  length  of  the 
radius  3  inches  ia  the  levenigo  at  which  the  friction  acta  to  resist  its  rotation,  and  the 
resistance  320  lbs.  at  this  leverage  is  equivalent  to  320  X-g-r — '  ■=■  80  lbs.  at  a  radius 
of  1  foot.  By  a  similar  method  of  calculation  the  resistance  due  to  the  sliding  friction 
either  of  plane  or  of  cylindrical  surfaoes  of  these  or  oUier  materials  may  be  readily 
estimated. 


te  Bobbing  Snttnces 


Bteel  end  Ice 

Ice  and  Ice 

Hard  'Wood  and  Hard  Wood    

Brass  and  Steel  or  Iron 

Soft  atecl  and  Soft  Steel    

Caet  Iron  and  Steel    

Wrought  Iron  and  Wrought  Iron    . 

Cast  Son  and  Cast  Iron    

Hard  Brass  and  Cast  Iron 

Cast  Iron  and  Wrought  Iron    

Brass  and  Brass 

Tin  and  Iron    

Soft  Steel  and  Wrooght  Iron    

Leather  and  Iron    

Tin  and  Tin    

Grranito  and  Granite  

Yellow  Deal  and  TeUow  Deal 

Sandstone  and  Sandstone 

Woollen  Clotii  and  Woollen  Cloth  . 


belo;  1.  Hstonce. 

81. 


0-014 
0130 
0135 
0-142 
0-147 
O-ISO 
O'leO 
0-163 
0-167 
0-170 
0-176 
0-180 
0-190 
0230 
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Tba  numben  in  th«  pieoeding  UUe  i^y  in  the  cau  <^  imooUi  tnrbcM,  mioh  as  ua 
emplored  in  well-consb'Qeted  mMkiiier;.  Wluoi  the  lurfooea  are  longh,  the  teajstanoe 
nuy  be  incceued  indefinitely,  and  there  o«n  be  no  meuu  of  calcolelang  its  unoimt. 
When  the  im&ces  ire  oilsd,  the  friction  ia  eoniidenbly  reduced ;  but  as,  in  all  ma- 
c^kineTf,  the  robUng  mr&oee  are  liable  to  became  dry,  or  nm^ened  by  wear  m  the 
preacmce  of  grit,  ve  think  that  in  estimating  the  loss  by  friction,  the  numben  in  tite 
table  ehould  be  employed  mUioat  any  aUovance  for  lubrication. 

The  beat  experiments  made  to  fix  these  numbers  are  tbose  by  R»miij,  wbo  tcated  the 
m.«jrial.  under  a  pressure  of  36  Ibi.  pei  sqnaie  inch  of  rubbing  surface.  For  greater 
preMntee  the  Motion  is  rather  lea  in  proportioii,  but  the  numbeis  given  are  sufficiently 
near  An  pnctieal  nae.  In  general  it  appean  that  irhen  both  surfaces  are  of  the  aome 
matarial,  the  friction  is  greater  tlian  when  they  are  of  different  materials.  This  is 
believed  to  be  owbg  to  the  pmeoce  of  a  certain  amount  of  that  cohedTe  foroe  which 
holds  QlB  moleculca  of  any  material  together ;  and  it  ia  found  to  be  greater  tho  smoother 
the  surfaces,  and  therefore  tlie  more  intimate  their  contact.  Independently  of  this  cir- 
onmitaiice,  howcTcr,  it  ia  generally  found  inexpedient  to  make  the  rubbing  aurfacee  in 
raadiiner}'  of  the  same  material,  especially  when  there  ia  any  riak  of  their  becoming 
healed  by  great  preatum  or  rapidity  of  motion.  In  such  casaa,  the  particles  of  the  one 
appear  to  blend  with  those  of  the  other,  the  sorfacea  become  cut  into  ridges  and  hollowa, 
and  aometimai  cohesion  taliea  place  with  auch  force  that  the  materiali  tliemselTes  give 
way  rather  than  separate  from  each  other  at  their  lorfacet.  This  remit  is  paitieularly 
obierred  in  cases  where  iron  and  iron  rub  upon  each  other,  eapecielly  when  the  iron  is 
soft.  When  it  is  desired  that  the  rubbing  surfaces  ihould  be  both  of  iron,  it  is  better  to 
case-harden  the  rubbing  surfaces,  as  ia  usually  done  in  the  case  of  carriage  axles.  The 
process  of  case-hardening  is  efiected  by  exposing  the  smooth  surface  to  a  red  beat  for 
BBTeial  hours  in  a  furnace  in  contact  witli  aubstuices  capable  of  funiishing  it  with 
carbon,  such  as  prusstate  of  potash,  leather  shHTings,  and  the  like.  The  outer  skin  of 
the  iron  is  penetrated  by  the  carbon,  and  becomes  a  species  of  steel,  which  is  rendered 
very  hard  by  plunging  it  while  still  red-hot  into  cold  water.  After  haidening,  the  sur- 
'  hoea  have  to  be  carefully  ground  smooth  and  true  with  oil  and  emery,  or  such  like 
polishing  aubstaocea ;  and,  befiire  use,  the  emery  must  be  carefully  cleaned  of^  as  its 
presence  would  otherwise  cause  tho  surfaces  to  cut,  to  become  hot^  and  to  cohere.  In 
the  case  of  ehafts  revolving  in  bearings,  the  ehofta  being  generally  of  iron  ore  made  to 
rest  in  bushes  made  of  brass,  gun-metal,  tin,  or  some  soft  alloy.  The  rubbing  sur- 
faces are  made  to  fit  each  other  accurately,  being  turned,  boied,  filed  cr  scraped  where 
necessary  until  the  contact  is  mode  nearly  perfect.  When  the  contact  is  very  imper- 
feet,  or  ocly  takes  place  at  a  few  points  of  the  surface,  these  become  rapidly  worn  and 
cut,  and  the  heat  ^«duced  by  their  wear  expands  uneqnally  other  portions  of  the  sur- 
faces, which  become  abraded  in  their  turn.  In  oases  where  great  pressure  is  sustained 
on  a  bearing,  Ijie  surfaces  of  contact  are  extended  as  much  as  possible,  so  that  the 
intemdty  of  pressure  on  any  portion  of  the  surface  may  be  a*  amaU  as  possible.  For 
shafts  lying  in  cylindrical  bearings,  the  extension  of  aur&ce  is  best  effect4.-d  by  lengthen- 
ing the  bearing,  not  by  increasing  its  diameter.  By  increasing  the  length,  the  surface 
ia  prc^OTtionally  increased,  the  pressure  per  square  inch  is  proportion^y  diminished, 
the  amount  of  friction  is  not  altered,  but  the  tendency  to  cutting  or  wear  is  reduced. 
But  were  the  diameter  increased,  although  the  sar&ce  would  be  also  iucreased,  and  the 
wear  reduced,  yet  the  fricUun  would  act  at  an  increased  leverage,  and  have  greater 
oGTect  as  a  resisting  force.    When  the  pressure  is  directed  longitudinally  along  the 
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aliaft,  the  bauing  lur&ee  is  increued  by  forming  on  the  shaft  numerona  collan  or  pro- 
jecting rings,  which  m  made  to  press  msinst  fixed  ring-beaiingi  fitted  betwai  them. 
The  total  preimtre  oTtheihaft  i«  thiumbdividedoTerUie  combined  snr&ce  of  ilt  the 
coUbib,  and  the  ring-beiringi  being  made  capable  of  adjustment  by  regulating  Kxtncn, 
no  one  of  thsm  ii  imdoly  pleased  upon.  Such  a  form  of  bearing  is  pactionlarly  useful 
in  steam  vessels  fitted  vilh  screw-propellen.  The  propeller  in  raroliing  thnMigji  the 
water  tesdf  to  Uuev  it  backward*  frmn  the  Teasel,  and  the  reaction  of  the  water  is 
force  which  propels  the  vesaeL  But  this  fbroe,  sometimea  amounting  to  aereral  tc 
ia  commuolcated  through  the  ahaft  of  the  propeller  to  some  fixed  point  in  the  Tea 
and  at  this  point  is  atusled  the  bearing  such  as  we  have  deaciibed,  teohnieally  called 
tiie  ptahiag  bearing. 

The  friction  of  atrapa  upon  pulleya  depends  upon  the  extent  to  which  they  are 
tightened,  the  extent  of  circomfbrence  with  which  they  are  in  contact,  and  thdr 
breadth.  It  ie  commonly  believed,  that  the  greater  the  diameter  of  pulley,  the  n 
surely  does  the  atmp  cause  it  to  rerolve  without  slipping.  Theoretacally,  however,  and 
we  believe  practically,  it  will  be  found  that,  with  equal  degrees  of  tightness,  equal 
breadths  of  slnp,  and  equal  ciroomstances  aa  to  perfection  of  contact,  the  friction  of 
strap  on  the  circomference  of  a  pulley  is  the  same,  whatever  be  ita  diameter.  The  only 
circumstance  that  can  aSect  the  constancy  of  the  result  ia,  that  atraps  not  being  per- 
ftectiy  flexible  lie  more  closely  to  surfacsa  carved  to  a  large  radius  than  to  those  of 
smallK  radios.  When  a  certain  amount  of  power  haa  to  be  eonuntmicated  through  a 
I  strap,  the  speed  at  which  the  strap  moves  has  to  be  lAen  into  account,  because  power 
being  preesnre  multiplied  by  velocity,  the  greater  the  veloci^  with  which  the  power  is 
transmitted  the  less  the  pressure  that  has  to  be  communicated  at  that  speed.  In  this 
sense,  then,  it  appears  that  the  larger  the  pulley  the  less  is  the  slip  of  the  ttrap, 
because  the  greater  the  circumference  of  the  pulley  revolving  at  a  given  angular 
velocity,  the  greater  ia  its  absdnte  velocity  through  space,  and  therefore  the  less  the 
1  pressure  required  to  eommunictite  a  pven  power.  It  is  found  pmctically  that  a  leather 
I  strap  B  inches  wide,  embiacing  half  tiie  circumference  of  a  emoothly-tumed  iron  pulley, 
and  travelling  at  the  rate  of  100  feet  per  minute,  can  communicate  1  horse-power.  For 
communicating  any  given  power  at  any  given  velocity,  the  breadth  of  the  atrf^  may  be 
found  tiiaa  :— 

BuU. — Multiply  the  power  (horse)  by  800,  and  divide  by  tlie  speed  (in  feet  per 
minute] ;  the  quotient  ia  the  breadth  of  strap  in  inches. 

£zamf>k  1. — Eequired  the  breadth  of  strap,  traTeliing  600  feet  per  tnumte,  to  con* 
Drse-powor. 


"Width, 


12  X  800 


^  16  inches. 


2fott. — When  the  diameter  of  pulley  (in  feet)  and  the  number  of  revolutions  per 
minute  an  given,  the  speed  of  the  strap  is  found  by  multiplying  the  givea  Dumber  of 
revolutiona  by  the  diameter  (in  feet),  and  by  3^^. 

Example  'i. — Eequiied  the  breadth  of  strap  fbr  communicating  10  horse-power  to  *• 
pulley  3  ft.  6  ins.  diameter,  revolving  ISO  times  per  minute. 

Speed  of  strap,  ISO  X  3Jft  X  3|=  1650  leet  per  minute. 
X  800  _ 


»  nearly. 


When  leas  tiian  half  the  circumference  of  the  pulley  is  embraced,  the  at 
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}  rsienos  ov  a  coil  of  xoisc 

proportioiiaUy  widec;  and  irlieii  more  than  half  the  circmnfarencfl  ia  embraced,  ita 
-width  nay  be  leas.  Thus,  if  the  ebap  be  in  conlsot  with  only  jth  of  the  oim 
ferenoe,  its  breadth  mnit  be  doubled,  becanse  }  it  doable  of  ifh.  Agaiii,  if  it  bi 
oontaot  with  jlhi  of  the  cinmmferenoe,  its  breadth  may  be  ^ds,  beoauae  i  is  |rds  of 
%1ta ;  and  bo  in  other  caeea,  the  breadth  being  inrenely  propoitioiial  to  the  amouii 
eiicnm&reiice  embraced. 

In  all  csaei,  howerei,  much  depends  on  the  tightneat  of  the  itrap,  the  Umila  to  the 
fiwce  yiiO)  which  it  il  atmlned  being,  finrt,  the  teniiTe  itrength  of  the  atrap  itself,  a 
BSoondly,  the  amount  of  preeluie  that  it  may  be  oonvenient  to  throw  upon  the  shaft 
and  ita  bearing!.  New  strapa  become  eitended  by  lue,  and  it  ii  therefore  frequently 
neceuary  to  take  them  up  or  ahorlen  tliem.    Before  me,  they  ehoald  be  itrained  ft 

le  time  by  weights  sDipen&d  ftom  them,  so  aa  to  leare  less  room  for  extension  while 
in  use.  WhereTei  atiapsareemployed,  theyshould  be  of  the  greatest  breadth,andtravel 
he  greatest  speed  connatent  with  conTenieace,  as  it  is  most  imporUut  to  have  the 
requisite  strength  in  the  form  most  suited  for  flexure,  and  the  least  possible  strain  01 
the  shafts  and  bearings. 

When  ropes  or  choiju  ore  employed,  as  in  cranes,  capstans,  windlanes,  or  the  tike 
for  raiaing  heavy  ireigbta  or  resisting  great 
4  straina,   the  requisite   amonnt  of  friction   i 

I  obtained  by  coiling  them  more  than  once  round 

M  the  barrel  of  the  ^paratns.    It  is  found  that 

n  one  complete  coil  of  a  rope,  aa  in  Fig.  269,  ] 

B  duces  a  friction  equiralent  to  9  times  thetension 

H  on  the  rope,  the  barrel  being  fixed;  that  is  to 

I  say,  1  lb,  or  1  cwt  of  tension  on  the  end  of  a 

H   _  ropo  at  A,  can  snpport  B  lbs.  or  9  cwt.  of  ten- 

|^HH^^HB|^^^^^^^I     Eion  at  B.    Were  the  end  B  of  lie  rope  coiled 

■■■■■^^^^^^^^B^lBd      ngain  round  a  barrel,  it  would  support  9  times 

^^^^^^^^^■^^^^^^^1     its  tension,  that  ia,  9  X  8,  or      times  the  ten- 

^^^^^^^^^^T^^^^^^^^^     Am  of  A,  and  so  on,  coil  after  coil  increasing 

I  the  friction  in  a  very  high  ratio. 

B  The  rule  by  which  this  may  be  calculated  ia 

B  Tciy  simple,  viz.: — Multiply  9  by  itaelf  aa  many 

I  times  OB  there  are  coils,  and  tbe  product  will 

Bo  be  the  number  of  times  the  tension  at  one  ei 

H  that  will  be  aupported  at  the  othOT.    For  e 

T  ample,  1  cwt.  at  one  end  of  a  ropo  coiled  three 

times  round  a  band  would  support  9x9X9 

^^-  ^*  =  729  cwt.,  or  Saj  tons  at  the  other  end  of  the 

rope.    The  diameter  of  the  barrel  does  not  affect  the  result    Having  regard  to  theae 

fects,  we  may  readily  understand  the  force  with  which  a  knot  on  a  coid  or  rope  reaists 

the  dip  of  the  ceils  of  which  it  conaiata,  for  the  several  parts  of  the  ootd  act  aa  amall 

barrels,  round  which  the  other  parts  ate  coiled ;  and  the  yielding  nature  of  the  material 

of  which  the  barrels  are  composed,  pennita  the  coila  to  become  impressed  into  their 

sobrtance  on  the  application  of  force,  and  prevents  them  from  slipping  mora  eftctually 

than  if  they  were  coiled  oo  a  hard  and  reaiating  barrel. 

Before  conolading  this  part  of  the  subject,  wo  may  briefly  allude  to  anggestiona  that 
have  from  time  to  time  been  made  fbr  communicating  power  by  means  of  the  mo— 
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nwnt  of  fluids.    Some  of  these  have  been  praotloBll;  ouried  out  with  Tery  good  efe^ 
md  ire  helieve  th&t  much  may  yet  be  dime  in  thii  directiDn. 

UuuiacUiriee,  containing  aumaroiu  machine!,  are  geoenlly  ftrnmged  in  nieh  a 
maimer  that  the  power  of  a  great  prime-morer,  whether  a  ileua-engine  or  water-wheel, 
\»  communicated  by  shalla,  pnlleyi,  Btrape,  and  wheelwork,  to  the  different  macbines. 
However  ezcellmt  may  be  the  STrangemeitte  or  woitonanlhip  of  the  connecting  ma- 
chinery, stdll  there  must  be  ctRuddeiaUe  waate  of  power  in  orercoming  tlie  mere  frictioii 
Bttendiog  its  motion;  and  this  waste  i«  very  much  inoreased  when  fiie  mxancj  of 
arrangement  is  (footed  by  wear,  or  by  the  unequal  lettlement  of  any  part  of  the 
building  supporting  the  bearingi  of  Bhafling.  Of  late  years,  engineere  have  deroted 
attention  to  the  conununication  of  power  to  soma  extent  without  the  intervention  of 
wheelwork  and  ihaftjag,  but  by  the  supply  of  steam  from  a  oeutnl  boiler  to  aumerous 
■mall  eoginet,  airanged  Ihrooghont  (he  building  in  the  immediate  neighbooriiood  of  the 
maobinery  to  be  pot  in  motion.  The  pipes  that  convey  the  steam  are  cheaper  in  first 
cost  than  sbafting  of  equiTalent  length,  their  efficacy  is  not  dependent  on  accuracy  of 
levels,  nor  is  it  impaired  by  wear ;  and  the  friction  attending  the  passage  of  steam 
tJirough  them  is  much  lees  than  the  Motion  of  shafting.  It  is  true  that  the  force  of 
steam  pasnug  through  great  lengths  of  pipes  is  considerably  diminished  by  cooling ;  but 
much  of  this  loss  m^  be  sared  by  corsring  the  pipes  with  non-coadncting  materials, 
guch  as  felt  or  oawdust.  The  objection  gmenlly  made  to  this  mode  of  communicating 
powu'  is,  that  the  tint  cost  of  die  numeroua  small  engioes  generally  exceeds  that  of  one 
large  engine,  and  that  each  of  the  small  enginee  requirea  separate  attendsnoe.  We 
belieTe,  howeTw,  tbat^  in  an  extensive  work,  the  cost  of  steam-pipes  and  nnmerons 
il  engines  will  not  be  found  to  exceed  that  of  a  laige  engine,  with  all  the  shafting 
conneotii^  machinery ;  and  that,  with  proper  arrangements,  the  attendance  given 
by  wmOauentotheaeparatemachineswillbeBufficient  for  the  engines  that  put  them  in 
motion.  A  number  of  machines  are  now  made  to  act  direotly  by  steam  power,  without 
the  interventicai  of  machinery.  Among  them  we  may  dte,  as  examples,  the  steam- 
hammer  and  steam  rivetting-machine.  In  both  these  cases,  the  direct  pressure  of  steam 
upon  a  piston  takes  the  place  of  the  former  complicated  anaiigementB  of  wheelwork, 
eccentrics,  cams,  and  levers,  which  were  necesasiy  for  converting  t^  rotary  motion  of 
ahafting  into  the  reciprocating  movements  required  for  hammering  and  rivctting.  To 
many  other  roanufactiiring  operations  we  think  the  same  principle  of  movement  might 
~  e  applied  with  good  eSect ;  and  we  beliere  that  tbe  simplicity,  diractness  of  action, 
and  facility  of  control  attending  such  arrai^ements,  would  soon  cause  them  to  take  Ills 
place  of  the  more  complicated  methods  of  deriving  power  from  rotary  motions. 

The  atmospheric  railway  is  an  eiiunple  of  an  arrangement  for  communicating  power 
a  a  large  scale  by  means  of  the  motion  of  fluids.  A.  pipe,  several  milea  in  length,  with 
a  longitudinal  slit  or  opening  along  its  tipper  side,  ia  laid  down  between  the  rails.  The 
pipe  is  fitted  with  a  piston,  and  the  slit  is  covered  by  a  flexible  valve,  which  can  be 
lifted  so  Bs  to  permit  an  upright  rod  attached  to  the  piston  to  pass  through  the  upper 
part  of  the  pipe  to  a  carriage  mounted  on  the  raits.  When  tlw  carriage  and  piston  are 
>ne  end  of  the  pipe,  Qie  Talve  being  closed  tightly  over  the  slit,  and  luted  by  grease 
melted  over  it,  the  air  is  extracted  fivm  the  pipe  by  pumps  worked  by  a  steam-engine  ; 
and  the  preasura  of  air  on  one  aide  of  the  pisttm  beii^  thus  in  a  great  measure  removed, 
Qie  atmoapboric  pressure  acting  on  the  other  side  farces  it  along  the  pipe  wltli  great 
velocity,  and  thus  gives  motion  to  tlie  oamage  which  is  connected  with  the  piston  and 
train  of  eairiages  attached  to  it    The  piston  and  connecting-rod  are  fitted  with 
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•nitablB  roUen  for  lifting  tlie  Ttlye  in  front  of  Uie  upright  lod,  and  tor  doaing  it  and 
•ealing  it  up  behind  it,  lo  tlmt  titer  the  ptumge  at  ibt  tndn  in  one  direction,  the  pip« 
nuy  be  raadj  for  szhauation  to  drav  a  train  in  the  oppodte  direction.  In  the  tnala 
made  with  thij  B;rit«m  of  propelling  trains,  it  wu  fbund  poiiible  to  aeonre  great  velo- 
cities,  and  to  more  Teiy  heavy  truina  OTer  levere  inclination*  vhen  the  pipe  and  its 
reXve  vera  in  good  order.  But  the  great  practical  diffioultiei  attending  Ute  oorutmction 
and  tight--cloBing  of  the  valre  proved  an  almoat  iniuperable  objection  to  Uie  u>e  of  the 
atmospkeric  railway,  aa  even  a  mall  lealuige  of  air  into  the  TMunm-pipe  neceaaitated 
the  expenditure  of  great  power  in  the  pumping  engine  to  aualain  the  teqoired  yacnmn. 

It  iraa  at  one  time  proposed  that  in  the  case  of  a  city  lihe  London,  with  numeroai 
■mall  Bteun-enginta  and  boilen  ■oattered  through  it,  power  ihotild  1m  oommunicated  to 
different  eatabliahmenta  from  aome  central  aource,  by  meana  of  compreaaed  air  forced 
through  pipea  laid  down  like  the  gaa  and  water-pipea  in  the  atieeta.  One  large  engine 
continually  nutaining  a  tupply  of  air  condenaad  to  a  preomre  of  aaveial  atmoapherea, 
would  thoa  take  the  place  of  tiie  nuvierom  Bepante  hoileta  now  anpplying  iteam,  and 
the  air  thua  anpplied  would  work  the  present  engioea  aa  eSeotoAlly  at  the  ateun.  There 
is  little  doubt  that,  were  auch  an  arrangement  carried  out,  iJie  flrat  cost  of  the  air-pipea 
being  met,  there  would  be  considerable  advantages  attending  it,  in  napeot  of  eecnomy 
and  the  divinntiini  of  danger  jrom  boiler  eiploaions,  u  well  as  the  ramoral  of  nnmerona 
■ourcea  of  offence  from  the  chimneys  of  manuiactniing  establishments. 

Arrangements  of  a  umilar  character  might  at  present  be  earned  oat  in  oitiee  like 
London  widiont  any  great  outlay,  where  the  supply  of  water  ia  adequate.  The  pump- 
ing enginea  of  tile  water  companies  might  be  made  the  meana  of  sapplying  power  to 
numeroua  eatabliahmenta  of  machinery  at  a  very  cheap  rate.  It  is  fbund  practically  that 
in  pumping  water,  1  ton  of  fuel  i*  capable  of  raiaing  26,000  gallona  of  water  100  feet 
high;  and  aa  water  from  a  cia(«m  100  feet  high  voold  preaa  with,  a  force  of  4Slba.  on 
erery  square  inch  of  a  piston  exposed  to  its  action,  thia  power  might  be  readily  made 
available  for  isiaing  weights,  giving  pressuie,  or  even  driving  maohinery  by  the  inter- 
reation  of  properly  aonitmcted  watetvpresauie  enginea. 


BUMS  AND  TABLES. 
Thb  pnuitioal  nechanie  haa  frequent  occasion  to  calculate  the  lengths  of  lines,  areas  of 
figures,  capacities  of  solids,  and  weighte  of  mosaea  of  materisL  We  think,  therefore, 
that  we  oaimot  better  conclude  the  general  view  we  have  endeavomed  to  giro  of 
meohaoica  practically  applied,  than  by  fumiahiog  a  few  of  those  simple  rules  and 
■uetlioda  of  calculation,  which  most  commonly  oeonr  in  practice. 

We  must  presume  that  the  mechanic  ia  tolerably  intimate  widi  the  ordinaiy  oper^ 
ationa  of  atitlimetic — Addition,  Subtraction,  Multiplication,  and  Divisios ;  and  that  he 
will  bear  in  mind  the  foUcwing  symbols,  aa  a  kind  of  aritlimetiaal  short-hand,  often 
useful  in  expressing  rules  and  modes  of  operation. 

-(-  placed  before  a  quantity,  meana  that  it  ia  to  be  added  to  the  quantity  pre- 
ceding it. 

—  placed  before  a  quantity,  means  that  it  is  to  be  snbsbacted  fiom  the  qiianti-^ 
preceding  it. 

X  placed  between  two  quantities,  means  that  the  first  ia  to  be  multiplied  hj  the 
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•i-  placed  between  two  quaotitieB,  meaiu  tliat  the  Sat  U  to  1>e  divided  by  tlie  Itat 
When  insteiid  of  the  two  dots  in  tliii  lymbol  of  dlTiuon,  one  quantity  is  written 
alioTe  the  line  and  the  othsr  below  it,  the  upper  it  to  be  divided  by  the  lower.    Thni ' 
12-7-4  may  be  written  -i ,  which  means  that  12  ie  to  he  divided  by  4. 

^  placed  between  two  quanlitief,  means  that  the  one  is  equal  to  the  otLet. 
Sxan^It  1 . — Rrum-  ^  tmighl  X  tielocity,  means  that  the  power  of  any  machine  ii 
equal  to  the  weight  raised  by  it,  multiplied  by  the  Telocity  with  which  it  is  raised. 
Thus,  if  an  engine  raise  330  lbs.  at  the  rate  or  velocity  of  100  feet  per  minute,  we 
should  say  its  power  ia  equiTaleut  to  330  lbs.  X  100  feet  =  33,000  lbs.  at  the  rate  of 
1  foot  per  miaute. 

„    „                       vieiaht  (in  Ibi.)  X  veiadty  (in  fat  per  minale)  ,.    ,  ., 

2.  Barit-poaitr  ==  — - — ^ •'-^ — 33000 — —    — nwans  that  the 

power  of  a  machine  reduced  to  the  standard  of  horse-power,  is  egiuTalcnt  to  the  weight 
in  lbs.  multiplied  by  the  velocity  in  feet  per  minute,  and  divided  by  3300O.  Thus,  if 
an  engine  raise  330  lbs,  100  feet  high  per  mimite,  ill  hone-power  ia — 55n5o —  ^  ^t 
that  is  to  lay,  one-haiee  power. 

The  tables  of  weights  and  measares  most  necesSBry  in  computations  connected  wi& 
Practical  Hechsnios,  are  those  of  Avoirdupois  Weight,  Lineal,  SuperficiBl,  and  Solid 
Measure,  Time,  Temperature,  and  the  Diviaion  of  the  Circle.  Unfortunately  fbr  esse 
of  recollection  and  computation,  the  English  tables  of  measures  bare  no  regulu  system, 
and  therefbie  require  to  be  remembered  separately,  or  to  be  constantly  referred  to. 
The  French  have  adopted  a  reg;ular  and  simple  sjstem,  both  in  the  names  and  in  the 
relations  of  their  different  denominations.  As  their  measures  ore  frequently  referred  to 
insoieDtifio  works,  weiubjoin  tablet  of  them  along  with  the  English  tablet;  and  short 
rules  for  the  reduction  of  quantities  given  in  the  one,  to  their  corresponding  value*  is 
the  other. 

Taov  Wkoht. 
TTsed  for  fiie  precious  metals  and  for  chemical  analysis. 
Contracted. 
24  Groins  =  1  Pennyweight   .     .    24  gr.    =1  dwt 

20Pennyweigbts^  1  Ounce     ....     ZOdvrt.^lai. 
12  Oimcea  =  I  Pound    ....     12  os.    =  1  lb. 

1  pound  troy  thei«fbre  coataiot  S760  graint. 
1  pound  avoirdupois  contains  7000  tioy  gruns. 
AVOIEDUPOIS  'Wbioht. 
Used  for  w^^iing  all  materials  except  those  to  which  troy  weight  is  confined. 
Contnoted. 
16  Drams  ^  1  Ounce      .     .    .     IS  dr.     ^  1  oz.  , 

16  Ounces  =  1  Pound      .    .    ,     16  oz.    =1  lb. 

2S  Founds  =  1  Quarter    .    .    .     28  lbs.   =  1  ^. 

4  Quarters  ^  1  Hundredweight       1  qrs.  :=  I  cwL 

SO  Hundredweights  =  1  Ton     ....    20cwt.  =  lton. 
Fbiimcb  Cecdui,  Ststeu  op  'Wataar. 
10  Hilligranunea   ^  1  Centigramme 
10  Centjgrammes  ■=.  1  Deoigranune. 
10  Decigrammes    =:  1  Gramme  ^  15'431  troy  grains. 
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10  OraauiiM  =:  1  Deoagramms. 

10  Deeagramniea   ^  I  Hcotograinau. 
10  HectogTODUuea  =  1  Sih^rueme     =  2-20486  Ibl.  ftruitliqiow. 

10  EilagrainnieH     ^  1  Mjriagnmme. 

10  HTTiagrammea  ^  1  Quintal  :=  1  cvt.  3  qra.  25  Ibfl.  nearly. 

100  Quintali  =  I  Milliei  or  Bar  =  9  toni  16  cwt.  3  qn.  12  Ihf. 

ThB  gensral  principle  adopted  in  the  French  ijatem,  i»  tliat  of  the  decimal  scale. 
Tboy  lettle  on  some  unit  of  weiglit  or  measure — as  the  gramme  foi  weight,  and  die 
m^lre  for  measure.  -  For  the  namei  of  all  fractions  of  that  unit,  proceeding  by  tenths, 
hnudredths,  and  thoaMndthB  doimvaidB,  they  preSx  the  Lalia  nnmeralB  deci  for  tenth, 
centi  for  hundredth,  milli  for  thousandth,  to  the  name  of  the  unit.  Thus,  a  centigramnie 
is  the  hundredth  part  of  a  gramme,  and  would  be  written  in  figorsa  001  gramme;  k 
millimkre  is  a  thooiudth  part  of  a  m^tre,  and  wonld  be  written  O'OOl  m^tre.  Again, 
for  the  names  of  all  multiples  of  the  unit,  proceeding  by  tens,  hundreds,  thousands,  and 
ten  thousands  upwards,  they  use  the  Greek  numerals — deca,  tea ;  heeto,  hundred ;  kilo, 
thoniand ;  myria,  ten  thousand,  prefixed  to  the  unit.  Thus,  for  a  thousand  m^tn*  &ey 
gay  a  kilometre,  written  1000  metres;  tbi  ten  thousand  grammes  they  say  myiia- 
gramme,  written  10,000  grammes.  There  are  a  few  eiceptiauB  for  the  larger  denomina- 
tions in  the  scale  of  weights  which  we  have  given  in  full.  According  to  this  system, 
each  denomination  finds  its  place  in  the  ordinary  deeimal  scale  of  notation,  and  arith- 
metical operations  ara  reduced  to  the  simple  rules,  without  the  seceanty  of  complicated 
teduoti<ms. 

For  example,  if  we  wished  to  ascertain  the  cost  of  7  myriagrammes,  3  Mlogrammes, 
i  hectogrammes,  0  decagramiaeB,  5  grammes,  3  centigrammes,  of  a  mateiisl  at  2  franca 
20  cents  per  kilogramme, 

we  should  write  the  quantity    .    .     ,    7346S'03  gnunmes 

which  is  equivalent  to 73'16£03  kUogrammea,  pointing  off  3  figures. 

Hultaplj' hy  the  price  per  kilogr.  .    .  22 

165623066  &Bncs. 

Or,  ISS  francs,  62  cents. 

In  the  Engtigh  system,  on  the  other  hand,  a  umilar  question — M  for  instance,  the 
cost  of  17  tons  4  cwt.  Sqrs.  and  18  lbs.,  atl2t.  Bif.  percwt. — would  involve  the  necessity 
of  reducing  the  several  denominatioiiB,  or  of  artifices  for  employing  Eractional  parts  as  in 
the  ordinary  arithmetical  rule  of  Practice. 

To  reduce  kilogrammes  to  lbs.  avoirdupois. 

£«b.— Multiply  Ly  220486. 

Sxampk  1. — To  reduce  17  kilogrammes  to  Iba. 
Multiply  by    220486 


For  general  practical  computations,  the  decimal&ection,afteritsfliatfigtite,  maybe 
neglected,  and  the  multipUer  may  be  taken  as  2-2  simply. 

Xxampb  2.— To  reduce  23  kili^ammes  to  lbs. 

23  X  2-2  =  BO-8  lbs. 

For  closer  approximation,  after  multiplying  the  nntnber  of  kilognmmes  by  2-2,  add 
to  the  result  the  200th  part  of  the  number,  or  the  half  with  two  decimal  plaee*  pointed  off. 
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To  lednoe  Ibi.  anuidupou  to  kilogTamtDM. 
SaU.—Dmie  \tj  220486,  or  noltiply  by  its  lecipioaal  -45SM. 
Egamplt  1.— To  reduce  37'482e2  lbs.  to  kilognuamea. 
Dinding  by  2-20686) 

17  tilogrfunme*. 
The  redaction  mty  be  effected  with,  mifficiant  aconrwy  by  tie  following  artiflee  :- 
jldd  togetliBr  one-third  of  the  given  namber  of  Ibe.,  one-third  of  that  third,  and  on 
tireUlh  of  tie  last  third.* 

SxampU  2.— Xo  reduce  37'48262  lbs.  to  kilognumneo. 
one-third  12*49421 
one-third  of  one-third  4-18477 
ona-tTclfUiofthelast  '84706 
17-00604 
SxmnpU  3, — To  reduce  5  ctrta.  2  qre.  12  Ibe.  to  Frenoh  ireighC 


2U-91  kUogrammea. 

T.TWinT-  Wn**Tnfft 

12  Inohe*  =  I  Foot  6  Feet  =  1  FftthcHii 

5  Feet  =  1  Yard 
ej  Tarda  =z  1  Pole  or  Bod  7'92  Inches  =  1  Link 
40  Polea  =  1  Foriong  100  Links  =  1  Chain 

6  Fnrlongi   =    1  Mile  8Q  Chains     =    I  Uile 
rhe  meaanrM  onployed  far  the  smaller  dimensicna  of  mechanical  iroik,  ate  the 

foot,  its  tirelflh  ■ptxt  the  inch,  and  the  fractional  diTiaiana  of  the  iuch,  diTiding  snocea- 
airely  by  2 ;  riz. — the  half,  the  quarter,  the  eighth,  the  sixteenth,  the  thirty-aeoood,  fto. 

•  The  resaon  of  thia  rule  ia  the  following  : — 

One-third  of  1,  eipreaaed  decimally,  ia -3333  £c. 

One-third  of '333,  ftceipreaaed  decimally,  is     .    .  -1111   „ 

One-twelfthof '111,  &c.Cipre8Biid  decimally,  ia  .     .  -0002  „ 

Theirsum -4636 

ia  a  near  approximation  to ■4fi3fi6 
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480  BKDDCIHe  ^BEITCH  XEASUSXB  TO  ENGLISE. 

Fm:  li^er  irorks,  is  cuttinge,  einbuikuientB,  ibiRa  of  minca,  and  the  like,  the  yard  of 
3  leet,  01  the  &tliam  of  6  feet,  are  the  ordinaiy  unite.  For  KurveTing  puipoM*,  the 
nitam  of  H  iathoniB,  OF  22  yai^  or  66  feet,  or  100  linki,  is  the  unit.  And  foi  greftter 
dimensioiia,  the  mile,  or  1760  yards,  or  fi230  feet,  and  its  fractianal  dlTiaJona  bj  2,  the 
half-mile,  the  quarter  mile,  the  eight!)  of  a  mile  or  furlong,  are  employed. 

The  unit  of  French  measure  is  the  m^tre,  which  is  equal  in  length,  to  3S-371  English 
inehet,  or  about  3-2S1  English  feet^  or  3  feet  3}  inches  very  nearly. 

To  reduce  Frmch  measure  to  EogUsh. 

Suit. — Multiply  the  numher  of  French  metres  by  3,  and  ts^e  the  product  M 
many  English  ie«t,  so  many  inches,  and  ao  majiy  eightlis  of  inches ;  ot,  add  together 
the  product,  its  twelfth  part,  and  the  eighth  part  of  the  twelfth,  for  tlio  vtixta  in  English 

Sxamplt  I. — To  reduce  S3  mitres  to  English  measure. 

MX  3= 169 

1G9  inches  = 13    3 

IS9  eighths  of  iiLdhea=:      ...        1    Ti 

173  It^  nearly. 

^tm^lt  2. — To  redooe  42  kilometres  to  English  miles.    The  kilometre  is  1000 
litres,  and  12  Mlomilres  tie  therefore  equivalent  to  42000  mitres. 
Unltiply  by  3 

126000 
One-twelAh  .  .  10500 
Ona-cdghth      .    .      1812-S 

One  mile  contains  S2S0)U7812'6  feet 

26- Indies  nearly. 

I  kilomkie  is  exactly  1093'63S9  yards. 

1  mile  is  exactly  1760  yards. 

Theieforo,  to  reduce  kilometres  to  miles,  multiply  by  - — ^wj^j — >  or  'S213S6. 
For  rough  calculations,  take  {ths  decimally,  -62S. 

To  reduce  miles  to  kilomitwa,  multiply  by  T^a^SSfS'  **  '''*''^^*  nearly. 
For  rough  calculations,  take  Ijth  dedmally,  1-S. 
The  French  pied,  or  toot,  is  equal  to  1-09  E^liah  fbot 
The  French  pouce,  or  inch,  is  equal  to  1'09  English  inch. 

8UPBB^CIAX  MBASTTEtB. 

144  square  inches  =:  1  square  foot. 
9  square  feet  =;  1  sqnare  yard, 
SOj  square  jarda  =i  1  square  pole. 
40  square  poles      ^  1  rood. 

The  acre,  therefore,  contains  4840  square  yards,  or  10  sqnare  chains,  each  i^  484 
qusre  yards. 

The  French  superficial  messure  is,  for  small  areas,  reckoned  by  the  squares  of  Qm 
mitze  and  its  parts,  the  mitxe  cair^,  or  square  mitre,  being  13-76C  square  fiet,  oi 
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BOIJS  AITD  Liavni  HEISUKES. 

1'196  >qqan  rard.     For  la^w  bism,  the  French  unit  ii  tlie  Are,  Thicb  ii 
decomHco,  or  100  B^oare  metres,  equinJentto  119'E109  square  jardi. 


I72S  cubic  inches  ^  1  cubic  toot. 
2T  cubic  feet      =  1  cubic  yard. 
12  cubic  fe«t  =  1  ton  of  ehipping. 
40        „         ^1  load  of  rough  timber. 
SO        „         =1  load  of  iqaared  timber. 
The  French  acdid  meaaure  ia  reckoned  b  j  the  cube  of  the  m^tre  and  its  purls. 
1  eabio  foot    =  '0283  cubic  mStre. 
1  cubic  yard  =  -7643         „ 
1  cubic  mttre  ^  S5  3'i  cubic  feet. 

Liquid  Meabubb. 

There  are  Bereril  Tuieties  of  Engligh  liquid  measure,  and  provincial  rariatLOna  in 
their  scales ;  but  the  principal  noit  of  liquid  measure  is  the  imperial  gallon,  irhich 
juns  27T'274  eohia  inches,  and  of  which  a  oubio  fbot  contains  6'2321,  or  nearly  e\, 
unit  of  French  liquid  measuie  is  Uie  litre,  or  cubic  decimMre,  the  thousaudth  port 
of  a  cubic  m&tre,equiTalent  to  61-028  cubic  inches. 

Tub  MxAauBS. 


The  French  measuraoeut  of  time  is  the  m 


24  hourg  =:  1  day. 
=  1  hour.  I  7  days   =  1  week. 


I 


There  are  three  scales  of  temperature  in  use  : — 

1.  Fahrenheit's,  used  in  England,  in  which  the  point  of  water  freezing  is  32°, 
the  point  of  water  boiling  is  212°. 

2.  The  Cantigrade,  used  in  France,  in  which  the  beering-point  of  water  ia 
lero,  or  0°,  and  ita  boiling-point  is  100°. 

3.  Beaomur's,  used  among  some  Ccntiaental  nations,  in  which  ihe  &eezing-point  of 
water  is  laro,  or  0°,  and  its  boiliug-point  80°. 

To  reduce  temperature  by  FaluMiheit  to  temperature  by  Centigrade. 
Subtract  ZT,  multiply  by  S,  and  diyide  by  9. 
Sxan^  1. — To  reduce  180°  Fahrenheit  to  Centigrade. 
ISO 
Subtiaot    .     .      32 

^*-^  ^  =  82°-222  Centigrade. 
Sxangilt  2. — To  reduce  15°  Fahrenheit  to  Centigrade. 


To  t«dae«  temperature  by  Centigrade  to  tetoperatura  by  Fahrenheit. 
Multiply  by  9,  divide  by  6,  and  add  32°. 
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sxDvcaa  aoAixs  ow  tufxutdu. 


To  reduM    8^-2  Caii^.  to  Tth. 
Multiply  b^  9 


32 


—  17 
.    .    32 


180*  Fah.  1S°  Fall. 

ITate.—'Wbea  the  temperatnn  lui  the  mark  —  miaiu  prefixed,  it  meiiii  b«low 

ero,  uidif  to  1>e  subtrtcted  in  cm«b  where  it  would  be  added  if  it  had  not  the  muk  — . 
Biauplc  5. — To  reduce  —  100°  Centigrade  to  Fahrenheit. 
9 

6)— 900 

—  180 

32 

—  Uff  Fahrenheit,  or  148°  below  hto. 
To  redvee  temparators  by  Fahrenlieit  to  tempcntnie  by  Baantanr. 
Subtiact  32,  multiply  by  1,  and  divide  by  9, 

Mampb  6.  Exiimplt  T. 


To  reduce  62°  Fah.  to  Beaum. 
32 


To  reduce  15°  Fah.  to  Beaum. 
32 


-17 


9)120  9)— 

13°-3  Eeanm. 

To  reduce  temperature  by  Reaumur  to  temperature  by  Fahrenheit. 
Uulljply  by  9,  diride  byl,  and  add  33. 


T°'SBetiL,or  T'G  below  evo. 


To  reduce  13°  3'  I 


1.  to  Fah. 


To  lednee  —  7*  9'  Beanm.  to  Fab. 


82°  Fah. 
To  reduee  Centigiade  to  Beanmur.    Subtnet  ith. 
Sxatt^  10. — To  reduce  85°  Centigmde.  to  ~ 
One-flfth        ...    17 


To  reduce  Beftumnr  to  Centigrade.    Add  i&. 
StampU  11. — To  reduee  88°  Beaninui  to  Centigrade. 
One-fourth  ...     IT 
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EBXNCH  Am  EKftLISH  KODI  07  DITIDDIfi  THB  dBCLB. 
fimUON  OP  THB  CUOLB. 

80  Seconds  =  1  Minute  60"  =  1' 

60  MinntM  =  1  Degree  60"  =  1° 

90  Degnes  =  1  Qa&dcuit  or  rigU  tngle 

360  Degrees  or  i  Quadraab  ^  1  Circnrnferenoe. 

Tra  FaGHCH  Dituion  is 

100  SecDDdl     =  1  Uinate. 
100  Hinate*     =  1  Degree. 
100  Degrees     =  1  Qusdrani 
4  Quadnmta  =:  1  Ciroumference. 
Tlie  quadrant,  right  angle,  or  quarter  of  the  ciicumference,  is  the  same  for  the  Fnmnh 
and  English  systema,  and  100°  French  are  therefore  equivalent  to  90°  Engliah, 
To  reduce  French  degiees  to  Rngiirth.     Subtract  t^th. 
StampU  1. — To  express  73°  French  in  Ti1ng!i<i>^  measure. 
Snhtraot  one-tenth  .  7-3 

M-r  65*  42'  English. 


SxampU  % — to  express  26°  T  ^"  French  in  English  m 
The  Frtaish  ntmber  would  be  written    26°'073fi 
Subtract  one-tenth 2  'S073S 


J».  ar  37'  e8"'li  English. .  — — " 

To  reduce  En^ish  degrees  to  French.    Add  ith. 
&;ampb3.'~Toexpress6S°42'EngliBhinFi«uohme»sure.  42*  = 


73°-  French. 

Exa^le  4.— To  express  23"  27'  68"'I*  English  in  French.    The  qnantity,  dedmally 
expressed,  is  23°-46615  English. 

Add  one-ninth     .      2  -60735 

26° -07  36    French. 

The  circumference  of  over;  circle  is  3'1416  times  its  diameter,  or  B'2832  timss  its 
radius  or  half  diameter.  ' 

Hence,  to  find  the  circumference  of  a  circle  whose  diameter  or  whose  radius  is  giren, 
JBufo.— Multiply  the  diaraet«c  hy  3-U16,  or  the  radius  hy  6-2832. 
JiMff^tfo  I. — To  Snd  the  circumierenoe  of  a  pulley  whose  diuneter  is  4  feet  3  ini 
4  feet  a  ins.,  or  64  ini.  X  3-U16  =:  169-64M  ins.,  or  14  feet  1{  in.  newrly. 
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lOO  SULBS  FOK  mrDnro  thb  ciBcmcFEBEircE  of  ctbclh, 

Sampb  2.— To  find  the  oiiciuiiferGiice  of  the  pilch  circle  of  a  wheel,  the  pitcU 
idiiub^iig  II  inchea. 

11  iiu.  X  6'2832  :=  60-1162  iiu.,  or  BeulyeHini. 
Since  the  decimal  -1416  u  nearly  eqool  to  ^th  (which  ia  tcomatelj  -142587'),  we 
nATe  the  ftpproxiniate  rule  for  fl"*^'"g  the  oircumference  of  ft  circle, 

JSub. — Hultiplj  the  diameter  by  3^,  or  (since  3^  ^  V]  multiply  the  diameter  by 
^  nai  divide  bj  7,  or  multiply  the  ndius  by  44  and  divide  by  7. 

Sko^  3. — To  find  the  drcumieience  of  «  pulley  1  feet  6  inohei  diameter. 
4feet6in>.X3  =  13  feet  S   ini. 

4  feet  6  iM.  X  +  (or  -r  7)  =  7i  ins.  nearly. 

Circumference  li  feet  li  ina.  nearly. 

Example  i, — To  find  tJie  circumference  of  a  wheel  whoae  radiua  ia  1 1  inches. 

ii^*  =  69liii..WM>ly. 

The  eircmnf^rence  of  an  ellipMia  thatof  a  circle  whoie  diameter  is  a  mean  between 

\m  two  azea  of  the  ellipee. 

Sunlit  6. — To  find  the  circumference  of  an  ellipae  having  a  longer  azia  1 B  ina.,  and 

aahorleraxiilZina.    Hean^^-=t^  =  16iiu[.  X  3'1416  =47'124inB.or3feet  lliiu 

nie  convene  opeimtion  of  finding  the  diameter  of  a  circle  having  a  given  cireon 

ferenceia, 

Suit. — Divide  the  (aremnlbrence  by  3-1418,  or  nnltiply  it  by  '31831,  the  reciprocal 
of  3-1416. 

Bxamplt  6. — To  find  the  diameter  of  a  pulley  -(rhoee  cimimier^Loe  ii  14  feet  1}  in. 
or  168-625  ina. 

or    188-625  X  -31831  =  54  ina.  nearly. 
The  following  approzimation  ia  generally  anfBciently  seen  for  practical  purpoae<. 
Slili. — Multiply  tlie  circomference  by  1  and  divide  by  22,  the  quotient  ia  the  diameter. 
^ampU  7.— To  find  the  diameter  of  a  wheel  having  23  teeth,  each  of  3  ina.  pitch. 
23  X  3  in*.  ^69  ina.  the  circomference  of  the  pitch  circle,  and — g^  ^  22  ina.  nearly. 
The  pitch  radius  ia  J  of  22  ioe.  =  11  ina. 

MsHBrBATIOir  OP  BuFEOFICia. 

The  object  of  Menauration  of  Superftciea  ie  to  discover  the  number  of  square  unite 
in  a  fignre,  ihe  form  and  dimeasiona  of  whoae  boundary  are  known.  The  simpleat  kind 
of  figrme  ia  that  bounded  by  three  abaight  linea,  the  triangle. 

To  find  the  area  of  a  triangle. 

SuU, — MnltJply  the  length  of  any  one  of  the  aides  by  that  of  the  perpendicular  let 
fiJl  upon  it  &om  the  opposite  angle  (or,  briefly,  multiply  the  baae  by  the  height),  and 
halre  the  result. 

eoMtibl.— To  find  the  areaof  a  tiiangtehavingbaae2feet3inB.,  end  height  lfoot8ini. 

2  feet  3  ins.  ^  27  ina.  and  1  foot  8  ins.  ^  20  ina.  Area,   — ? :=  270  tq.  ins. 

EoHi^  2. — To  find  the  area  of  ■  ttiangular  field,  having  baae  23  oh^na  8  Bilks, 
ikd  height  14  ohaina  73  links. 
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BUXES  FOB  PDTDIBO  THE  AXEA.  OS  PAKALLELOeBAUB.  491 

308  tb.  X  H-73cli._  ggg.ggg^^  ohunfl;  or  33-9968*  acrea,  vary  nearly  31  Mtes. 

Tlie  parallelogi&iiL  is  a  figure  boimded  by  four  straight  lines,  tlie  oppodte  etdea  bein^ 
equal  and  parallel  to  one  anotJier.  When  the  angles  of  the  parallelogram  ate  right 
mglee,  or,  aa  it  is  aaid  in  ordinary  luigitage,  when  the  Bides  are  square  to  one  another, 
the  figure  is  called  a  rectangle  or  oblong. 

To  find  the  area,  of  a  parallelogram. 

Jiafc.— Multiply  the  base  by  the  perpendicular  heigbt — When  the  figure  ii  au 
oblong,  -we  say,  multiply  the  lei^th  by  the  breadtb. 

SxampU  3.— To  find  the  area  of  a  parallelogram,  base  2  feet  3  ins.,  height  1  foot  8  ins. 
27  ins.  X  20  ins.  =  540  sq.  ins. 

Exianple  i. — To  find  (he  surface  of  a  cylinder,  diameter  i  feet,  length  14  &et. 

The  surface  of  a  cylinder,  if  developed  or  unrolled,  would  form  a  rectanglo  whose 
length  is  the  length  of  Uie  ey Under,  and  breadth  the  circuinfeFeiice.    Its  area  it  tlierc- 
fore  fbond  by  multiplying  the  length  by  the  diameter,  and  by  Z\, 
14  feet  X  4  feet  X  3^  =  176  sq.  feet. 

The  trapezoid  is  a  figure  bqnnded  by  four  straight  lines,  two  of  which  are  parallel. 
To  find  the  area  of  a  trapezoid. 

Bale. — Multiply  half  the  mm  of  tlie  two  parallel  sides  by  dieir  perpendieular 
dislanee  apart. 

Sxampte  5. — Required  the  area  of  a  trapezoid  haying  parallel  sides,  respeotiTely  6  feet 

and  7  feet,  3  ieet  apart,  ^t-  X  3  =  18  sq.  ft. 

Any  figure  bounded  by  straight  lines  maybe  divided  into  triangles;  andtlie  sum  of 
le  areas  of  all  the  triangles  into  which  it  is  divided,  is  the  area  of  Hie  whole  figure. 
Of  Burfkces  bounded  by  cuircd  lines,  the  most  regular  and  frequent  is  tbe  circle- 
To  Snd  the  area  of  a  circle. 
Bull. — Multiply  the  square  of  the  diameter  by  785*.     Or,  multiply  the  cireum- 

fereaceby  the  radius,  and  halve  the  product. 

iSci»np/e6.— Eequiredtheareaofacirole4ft.  diam.  4  x  *  X '7834=  12-5364  sq.  fl. 
Otherwise,  the  radius  is  2  feet,  and  the  circumferemie  is  4  X  3'UIS  ^  12-S664, 
,  ,,      _    .   12-fi664  circumf.  X  2  red. 

and  the  area  is =:  12-666*  sq.  ft. 

The  following  method  fumialieB  a  near  approximation  to  the  area. 
Svil. — Multiply  the  diameter  by  itself. 

TokeholftheiToduct,  to  which  add  its  half,  and  the  seventh  port  of  that  half.* 
Sxtttr^li  7. — Bequired  t^e  area  of  s  circle  4  feet  diameter. 
4  X  4  =  16  and  i  of  16  =  8 
i  of   8  =  4 
t  of  *  =  0-67 

Area  12'67  sq.  ft.  nearly. 

*  This  approximate  rule  is  thus  derived ; — 

Sinee  J  decimally  is  'ISOOO 

J  of -5000  =:  -2500 

f  of -2500  =:  -0367 
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Bin.B8  Rn  tODina  t 


— Beqnired  the  trea  of  *  circle  3Tf  int-  diameter. 
37t  m  37-625  X  37625  =  1416'64  «q.  ins. 
^  of  141S'S4  HZ  707-82  ne*Hy. 
i  of   70782  =:  3S3-81 
I  of    3o3'9I  =::     50'5« 


Error  in  the  approiiniale  melliod         0-4S  iq.  ioi. 

The  eoBTene  operatdon  of  finding  Uie  diameter  of  ■  circle  whmi  its  area  ie  given,  U 
llie  foUowing : — 

.ShI*.— Divide  the  area  by  7854,  or  multiptf  the  areahy  1273  (the  r«<^rocal  of 
'7SM),  and  extract  the  •qoare  root  of  the  result. 

Sian^U  9. — Bequired  the  diameter  of  a  circle  having  I2'50&4  iq.  ft.  area. 

'Tbm*  *"  ^^'^^  X  1-213  =  16 }  and  the  iquare  root  of  16  U  4  feet. 
Approxiniate  meOiod. 

Stilt. — To  the  given  area,  add  its  fonrth  part,  and  -Attb  of  that  fourtii,  or  the  fourth 
with  one  dedmal  plaoe  pointed  o^  and  extract  the  square  root.* 

.EnnRfib  10. — Bequired  the  diameter  of  a  circle  whose  area  is  llll'Sl  eq.  ins. 
Area  =  llll'S4 
AddJofUll-84  =    277-96 
I'a  of   277-96  =      27-798 


1417-5S6 

The  square  root  of  which  is  37-6C,  or 
37S  inches  nearly. 

The  area  of  an  ellipse  is  -78Ci  time* 
the  product  of  iti  two  axes. 

£xampl«  11. — Bequired  the  area  of 
an  ellipse  whose  axes  are  2  feet  3  inches 
and  1  foot  8  inches  respectively. 
27ia8.X20ins.x-7864=424-IlBsq.iii. 
<„,l^«=29«2.,.ft. 

Theareaofa  sector  of  aciicleCAB 
is  the  same  part  of  the  area  of  the  whole 
circle,  as  the  are  of  the  sector  A  B  is  of 
the  whole  circumference. 

Sxampie  12. — Bequired  the  area  of  a 
sector;  radios  12 Ins.,  and  arc  67° 30'. 


*  TUs  rale  like  the  fiwmer  is  thus  derived, — 


1-275,  which  isnearly  1<273. 
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TO  KBASDBX  T 


The  ueft  1^  the  yfiuAe  tirole  ii 


3-141S  = 


452-39  sq.  ini. 


is  13  X  12  X  3 

_mx2_ 

360X2~f20'    "'720-^46" 
of  the  Thole  ciiciuuferetice ;  therefore 

•    Area  of  lectoT  ii  -^iia  of  4S2'39  eq.  im.  =  84-8! 
In  meeanriDg  the  area  of  figures  bounded  hj  linea  of  jnegulai  ci 
le  moat  oonTement  method  is  to  draw  through  the  figure  a  etiaight  line  A  B,  the  longest 
possible,     and 
to     divide     it 
into  nnmerona 
eqoBl  parts  at 
the   points 


2,3,4 


If 


d_i III    ]'  '-^ 

-"i-rrs  —i:;^ — , [ 1 .  -.^^^.g.^ 


of  Uuwe  parts 
ate,  D,E,F, 
0,H,anddrair 

perpendiculars  ^*"  *'^" 

the  line  AB,  meetiDg  the  cuire  in  I,  P,  K,  Q,  ten.,  by  drawing  parallels  flnough 
theoe  points  meeting  perpendioulan  through  the  points  A,  C,  D,  &c.,  we  form  d 
number  of  rectangles,  each  of  which  is  'Wry  nesrlj  equal  in  area  to  the  part  of  the 
re  contained  between  ita  two  perpendicular  ndu.  The  area  of  the  whole  onrred 
figure  is,  tlierefbre,  rery  nearly  equal  to  the  stun  of  the  areas  of  all  those  rectangles. 
Now,  as  the  area  of  each  rectangle  is  equal  to  its  base  multiplied  by  its  perpendicular 
height,  and  as  the  bases  of  all  are  equal,  the  area  of  all  the  i«otangle»  is  equal  to  Oie 
length  of  one  of  the  bases,  ench  as  C  D  multiplied  hy  the  sum  of  all  the  heights  I P, 
EQ,LB,  &c  It  is  to  be  observed  that  the  diiiaoces  AC  and  BH  of  thefintand 
last  perpoidieulan  &om  the  exli«mities  of  the  line,  are  each  half  the  distance  CD  or 
D  E  between  any  two  perpendicular.  Or,  we  may  view  the  question  in  another  WB.y, 
thus: — Havingdiridedtheline ABaabefore,aiLdBetoffthepe[pendicuIarsIP,  EQ,  &d. 
(technically  called  oSnta),  we  may  find  a  mean  or  average  YX  or  WT,  by  adding 
togethM  the  lengths  of  all  the  perpendiculars,  and  dividing  their  sum  by  their  number, 
and  then  the  whole  rectangle  T  W  T  X  has  rery  nearly  the  (tune  area  with  the  onrved 
figure.    Hence  the  following — 

S.ult  I. — Multiply  the  sum  of  all  the  offiiets  by  the  diatsnce  between  two  adjoiDiug 
Sseta;  or, 
Rtdt  II. — Add  together  the  lengths  of  all  the  ofbets,  diride  by  their  number,  and 
.  multiply  hy  the  whole  length  of  the  base  line. 

£i0fflph  13.— The  length  of  A  B  is  24,  and  tlie  o&ets  are  IP  =  S,  EQ  =  fi, 
lE  =  7,  MS  =  8,  NT  =  6,  OU  !r:  4 :  required  the  area. 

By  BtiU  I. — There  are  six  ofieets ;  therefore  the  distance  between  any  two  adjoining 
I  g  =  4  (note,  A  G  and  B  E  are  each  2],  and  the  area  is 

(3 +  6  +  7  +  8  +  6  + 4)  X*  =  132. 

By  a<fe  n.-The  mean  of  all  the  oferts  is  ^  "^  ^  '*'  ^  t"'^  "^■"  ■*'  *  =  ^'^^  "^ 


is  6-5  X  24  =  132. 
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Tha  surikDe  of  a  Cone  may  b«  doTeloped,  or  unrolled,  into  the  fom  of  s  sector  of  % 
cittle,  and  its  area  found  by  tiie  rule.     Or  tliui, 

£«fe.— Multiply  the  diameter  of  the  baie  by  Uie  length  of  the  aide  (&om  the  apex 
to  the  edge  of  the  baaa),  and  by  1'6708. 

Examplt  14. — Bequired  the  surface  of  »  coae,  having  a  hase  12  incliM  in  diameter, 
and  18  inohe*  length  of  side. 

12  X  IS  X  1-5708=  339'292S. 
^ntasnrfiicaof  aiphereia  1  timea  th&t  of  any  of  ita  drculai  Kctumi  puncg  through 
the  ooitre.    Hence,  to  compute  the  aurface  of  a  aphere — 
£u&.^IiiltiplytheBqaareof  the  diameter  by  3'1416. 
Exaai^  IB. — Bequired  the  aiuface  of  a  aphere  IS  inchei  diameter. 
18  X  IS  X  31116  z=  1017'87S4  aquare  inches. 

HEnciU.tIOK  OT  SOUM. 

By  mensuration  of  aolida  ire  diacorar  the  number  of  cable  units  in  ft  body  of  givcm 
fona  and  dimemiom.  A  parallelopiped,  or  priam,  haa  two  oppoaite  aides  eqnil  and 
parallel  to  one  another.  Bither  of  Ihese  is  called  a  baae,  and  their  peipaidicnlar  dia- 
taaoe  apart  ia  called  the  height  or  altitude  of  the  priam.    A  cyliadei  has  ft  circular  baae. 

For  finding  the  solid  contenta  of  a  priam  or  cylinder. 

B/ttlt. — Multiply  the  area  of  the  baae  by  the  height. 

Sxari^lt  1, — Bequired  the  capacity  of  ft  datem,  vhoss  baae  ia  ■  rectangle  4  f^  long 
by  3  feet  vide,  and  irhoae  height  ia  2  feet  6  inchea. 
Areaof  baae4X3x2Jheight  =  30cnb.  feet,  or  30  X  6-1321  =1S7  gala,  nearly. 

Exait^l*  2. — Bequired  the  solid  conlenta  of  a  roller  22  ini.  diameter  and  42  ina.  long. 
Area  of  bue  22  x  22  X  -7854  X  42  =  15966-6  cubic  inches. 

When  the  priam  or  the  cylinder  ia  hollow, 

&dt. — Sabtracttheareaoftheintemalpartof  the  base  from  that  of  the  whole  base, 
and  multiply  by  the  height. 

Sxau^e  3. — Bequired  the  weight  of  a  cast-iron  hollow  cylinder  6  feet  high  and 
30  inohe*  diameter  internally,  haring  metal  1  inch  thick  (reckoning  3-8  cubic  inches  of 
cast-iron  equiyalentto  lib.).  The  external  diajneter  in  the  internal  diameter  increased 
by  twice  the  thiekneae  of  metal;  it  is  therefore  32  inohes,  and  its  area  would  be 
32  X  32  X  -73M.  The  area  of  the  internal  would  be  SO  X  30  X  -TSS4 ;  and,  anb- 
tntctiDg,  we  have  (32  X  32  —  30  X  30)  X  '7S54  =  97-436  sq.  inches  for  the  area  of 
the  aection  of  metal.    The  solid  contenta  are  97-436  X  60ina.  =  5846-16  onb,  ias.,and 

^^^  =  ie38'4Slba.,  or  13cwt  2qra.  26Hbs.  When  the  diameter  of  a  hollow 
cylinder  is  large  in  proportion  to  Qie  tbickneas  of  its  material,  as  in  the  case  of  a  boiler, 
irhich  may  be  Beveral  feet  in  diameter,  while  the  thickueaa  of  its  metal  is  leas  than  half 
an  inch,  we  may  multiply  the  area  of  ila  aui&ce  by  the  thlfVni—  of  mnt»ri«l  to  aai 
tain  the  quantity  of  matorisL 

Boilers  are  generally  made  of  wmught-iron  plate ;  and  it  happens  &t,t  a  square  foot 
of  iron  plate  j-thof  aninchlhick  veighsSlbe.  In  order  to  ascertain  the  weight  in  pounda 
of  a  WTOught-iron  boiler  j(th  of  an  inch  thick,  we  ehould  then  have  to  multiply  its  ani- 
faceby  G;  andwerethetbiclmesslthsorjth,  we  should  multiply  by  2  X  5  orlO;  fiir 
thickness  fths,  multiply  by  3  X  ^  or  15,  and  ao  on.  But  in  constmotdng  boilers,  there 
am  many  plates  used,  which  oTcrlap  eadi  othet  at  their  joints,  and  at  the  comera  there 
are  angle-irons,  and  numerous  rivets  are  used  to  make  the  jotnta  tight.    Making  allow- 
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e  for  »II  these  additknu  to  the  weight,  ire  ma;  estimata  the  weight  per  aiiperficial 
foot  at  about  6  Iba.  tor  every  |th  of  an  inch  in  thickneaa,  oi  3  lbs.  for  STeiy  -fg  ot  »a 
inch.  Again,  w  yfr  ia  nearly  i'i)th,  we  may  roughly  approziniate  the  weight  in  cr 
by  the  following  rule : — 

Eult. — Holtiply  the  inrfece  {in  ■qnore  feet)  by  the  thickneu  (In  J^tha  of  an  inch], 
and  diTide  by  20  for  the  weight  (in  owts.). 

Sxamplt  i. — Beqnired  the  weight  of  a  Comiah  boiler,  external  diameter  4  bet, 
diameter  of  flua-tobe  2  feet,  length  12  feet,  thicbieu  }  i'«  of  an  inch  (or  3|  eightl] 
ftninch), 
£ilemal  circumferencs  .    4X3} 
Circumference  of  flue     .     2  x  3f 

'  ■       neurit       len^Ui    matOet  of  cifdn^  and  &ne. 

Both      .    .     .     .    6  X  3t  =  18-9     X     12        =:         226-8 
Are«of  end  of  boiler  4  X  4  X  7864 
Area  of  flue     .    .     2  X  2  X  '7SS4 


Difference  12X  •78H=  B'4  X  2  (ende)      =  18-8 

24S-6  total  lorfue. 

And  -*^"°  ^  ^i  =  43  cwt,  nearly,  or  2  tone  3  owt 
20 
The  mitno  conteota  of  a  sphere  ii  Srda  of  that  of  a  cylinder  of  the  same  diameter  and 
altitude.     But  the  altitude  being  equal  to  the  diameter,  and  frda  of  '7S£4  being  S'  ' 
the  contents  of  the  sphere  may  be  feuhd  by  the  following  method : — 
Suit. — Multiply  the  cube  of  the  diameter  by  5236. 
Saunplt  5. — Hequired  the  number  of  cubic  inches  ia  a  b<^  12  inches  diameter. 

12  X  12  X  12  X  -6236  =  901-7808  cubic  inthes. 
When  the  sphere  is  hollow, 
£uU. — Subtract  the  cube  of  the  intemal  diameter  &om  the  cube  of  the  external  dia- 
meter, and  multiply  by  -S23S. 

JExamph  6. — Bequired  the  weight  of  a  hollow  boll  of  iron,  30  inches  diameter  exter- 
nally, metal  1}  inch  thick,  reckoning  38  cubic  inches  to  the  pound. 
Eitemsl  diameter  30  X  30  X  30  =  27000  cubed 
Inlenifll  diameter  27  X  27  x  27  ^  10683 

7317 

And"'^X-^^^  =  10QSlbs.or9cwt 
3-8 
The  onbio  contents  of  a  cone  is  }rd  of  that  of  a  cylinder  of  equal  base  and  allitade. 
Hence,  to  find  the  content  of  a  cone : — 

^uh.— Multiply  the  square  of  the  base  by  the  height  and  by  -2618. 
Sxati^i  7. — Eequiied  the  loUd  contents  of  a  cone,  having  a  base  IS  inches  diameter, 
and  a  height  of  22  inches. 

18  X  IS  X  22  X  -2618  :=  1366-11  cubic  inches. 

The  solids  with  which  the  practical  mechanic  has  to  deal  are  cMcfiy  those  called 

solids  of  rerolntion,  or  such  as  may  be  conceived  to  be  produced  by  the  revolution  of 

le  fignie  nnmd  an  axis.    Any  work  that  is  formed  in  a  turmng-latha  is  a  solid  of 

revolution.    An  imaginary  line  extending  between  the  centres  of  the  lathe  is  the  axis ; 

and  if  the  solid  were  cat  across  by  a  plane  pasalng  through  (his  line,  the  Hction  or  mr- 

:p  exposed  on  the  removal  of  the  half  cutoff  ie  gymmetrioal  on  each  side  of  thetodi 
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centre  line.  Ona-lialf  of  tliiiiTiiuiutTicalflgiiie,  or  die  part  lying  ondtli^iide  of  the 
axil,  ii  called  the  generating  flg'sre.  Thus,  a  cylinder  is  generated  by  the  rerolulion  of 
an  oblmg  or  rectangle  Toond  one  side.  Aconeiegentntedbf  the  rerolutionofaright- 
an^ed  tziangle  round  its  perpendicular.  A  ipbere  ie  generated  by  the  revolatioii  of  a 
■emidiole  nnmd  its  diameter.  A  spindle,  by  the  uDdation  of  a  legtnent  of  a  oiide,  or 
otlier  enrre,  round  its  chord.  In  the  eame  ^ty,  other  mathematical  flgurei,  such  as  the 
ellipse,  or^ep«rabola,aieoap«bIeaf  prodntsingeolidiiof  rerolutdonhy  oatudngthem  tt 
KTtdTe  Tonnd  their  axea.  Whoi  the  ellipse  is  supposed  to  rerolre  round  its  eharter 
axis,  die  solid  produced  is  called  an  oblate  or  shortened  sphoroid ;  Then  it  rerolres 
roond  its  longer  azig,  the  solid  is  an  oblong  spheroid.  The  parabola,  t^  rarolDtitiii,  pro- 
duces the  paraholoid. 

There  are  angular  relations  among  some  of  thrae  solids  of  rerolution,  one  of  which 
it  is  useful  to  remem- 
ber.   If  ABED  re- 


B  cylinder,  wLose  base 
has  a  diameter  AB  dou- 
ble its  height,  or  axis, 
C  F,— AF  B  the  eeotioa 


of  a  cone  oi 


the  SI 


ba«e,  and  of  the  same 
height  with  the  cylin- 
der—A  G  F  H  B  the  sec- 
tion of  half  a  sphere, — 
and  AEFLB  the  sec- 
tion of aparaboloid ;  then 


The  solid  contents  of  the  cone  is  |rd  of  that  of  the  cylindt 


„  „  paraboloid  is  i  „  „ 

As  the  peraboloid  comes  midway  between  the  cone  and  the  hemisphere  in  form  of 
section,  so  its  capacity  comes  midway  between  them  in  amount.  In  many  cases  of  men- 
suration of  solids  of  revolution,  when  the  form  of  section  is  something  between  that  of 
a  cone  and  of  a  hemisphere,  it  may  be  taken  aa  a  paraboloid,  and  its  capacity  may  be 
found  thus : — 

£ule. — Square  the  diameter  of  the  base,  multiply  by  the  height  and  by  '3927  (half 
of  -TSSi).    Or,  multiply  the  area  of  the  base  by  half  the  height. 

Srempk  8. — Bequired  the  solid  content  of  a  paraboloid,  base  2  feet  S  inches  dia- 
meter, height  1  foot  8  inches  diameter. 

Area  of  a  circle  2  feet  S  inches,  or  30  inches  diameter,  707  square  inches,  neariy. 

Half  of  1  fiwt  8  inches,  or  20  inches 10 

Solid  content  7070  cubic  inches. 
In  genera],  the  capacity  of  any  solid  of  roTolutiou  may  be  found  by  multiplying 
the  area  of  its  generating  figure  by  the  circumference  deeccibed  by  the  centre  of  gravi^ 
of  that  figure.  In  a  ring,  for  instance,  generated  by  the  revolution  of  a  circle  round 
some  centre  without  it,  if  we  know  the  diameter  of  its  generating  circle  or  section,  and 
the  distuice  of  its  centre  irom  that  round  which  it  revolves,  ire  can  ciBtqute  its  solid 
e  may  show  by  an  example. 
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Example  9. — A  riog  of  circular  » 
internal;   required  its  solid 

tanta.  Subtracting  8  from     ^ 
10,  tliero  are  left  4  ins.,  which 
It  be  double  the  diameter 
of  the  ring's  section,  giving  2 
'  IB.  as  the  actual  diameter  of 
le  section,  which  has  there- 
ire  an  area  2  X  2  X   7864 
^  31416  «].  ins.      Again, 
adding  6  lo  10,  and  taking 
"*,  ire  get  S  ins.  aa  the 
moe  hetween  A  and  B  (Fig.  273),  tho  centres  of  the  circular  sections,  and  the  ci 
cumference  of  a  cirole  8  ins.  diam.  is  8  X  31416  =  251328  ins.     The  soUd  content 
of  the  ring  is  therefore  3'1416  sq.  ioa.  X  261328  ins.  =  78-9572  cub.  ins.     In  thU 
particular  case,  it  happens  that  the  centre  of  gravity  of  the  section  coincides  with  the 
centre  of  figure.     When  this  is  not  the  caao,  tho  position  of  the  centre  of  grarity  may 

readily  be  fbnnd  by  the  foUowing  mechanical  process : 

Vnw  upon  a  card  or  piece  of  thin  wood,  or  plate  of  metal  such  as  sine,  the  figure, 

either  of  its  full   aize  or  to  any  con- 

Tenient  scale ;  and  having  cut  it  out  to 

the  shape,  make  two  small  holes  in  it, 

!  such  as  A  and  C  (Fig.  274).     Suspend 

it  by  a  thread  from  one  of  the  holes,  and 

along  ^0  face  of  it  let   a  plumb-line 

bang  and  mark  B,  the  point  where  the 

plumb-line  crosses  its  edge,   tracing  a 

line  A  B  coinciding  with   the   plumb- 

^  line,       Suspend   it  now  by  the  other 

I  bole  C,  with  the  plumb-lim 

the  line   formerly  traced  at  D.      This 

point  is  the  centre  of  gravity  of  the 

figure,  or  the   point   round  which   all 

parts  are  balanced.    The  position  of  the 

Plj.  ij».  centre  of  gravity  thus  ascertained  may 

he  laid  down  upon  the  drawing  of  the 

vrork  to  he  estimated,  and  the  solid  content  may  be  found  by  the  rule  we  have  given. 

For  the  measurement  of  a  solid  of  irregular  forui,  the  most  convenient  method  is  U 

ippoee  it  divided  by  numerous  parallel  planes  into  sections  of  equal  thickness, — ti: 

leasure  the  area  of  each  of  those  sections,  and  find  the  mean  or  average  of  them  by 

imming  them  all  and  dividing  by  theii  number.    This  average  area  multiplied  by  the 

total  thickness,  meamred perpendicularly  across  the  planes  of  section,  will  give  the  solid 

content.    In  many  coses  of  the  measurement  of  cylindrical  bodies,  such  as  timber  oi 

round  bars  of  metal,  it  is  more  convenient  to  use  the  girth  or  circumference  aa  a  known 

dimension  fbr  estiuLating  the  cubic  contents.     A  near  approximation  to  the  capacity 

may  be  made  thus : — 

JIkI;.— Multiply  tho  square' of  ilie  girth  by  the  length,  and  by  8,  and  point  off  tvo 
decimal  places. 
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Bxampli  10. — Required  the  cubic  conleata  of  a  Touud  log,  hiiTing  an.  average  girtli 
of  6  ft  3  iiu.,  and  12  (1.  long.  6  ft.  3  ini.  decinmlly  czpre&sed,  is  6'26,  and  629  X 
6-26  X  12  X  8  !=  3760.  Pointing  off  two  decimal  places,  the  aalid  content  ia  37-5 
cub.  ft.  The  ordinary  rule  for  timbor  girsB  a  coniiderably  smaller  result,  and  ii 
intended  not  to  fumith  tho  accurata  ouutenti,  .but  the  contents  estimated  according  to 
trade  cuitcm.     It  i^ 

Stilt. — Multiply  the  iqaua  of  Jth  the  girth  by  the  length. 

According  to  thi*  rule,  tlie  oonlMiti  of  tba  1(^  in  Exam^tt  10  vould  be  (^th  of  625 
being  I'SeaS)  1-3625  X  1-3623  X  12=:  29'3  cubic  feet. 

Bdodecuais. 

In  the  mennuatioQ  of  aurfaccs  and  solids,  a  ayetem  of  computatdon  is  frequontly 
adopted,  called  the  duodecioial  ayatcm,  because  the  notation  is  reckoned  by  twelves 
(Latin  daodicim),  instead  of  the  ordinary  dcuioial  scale  of  tens  (Latin  dietBi). 

Accordiog  to  the  duodecimal  system,  a  square  fuot  is  supposed  to  be  divided  ii 
]  2  equal  parts,  each  containiug  12  square  inches  :  and  each  of  those  parts  again  ii 
:welftba,  each  I  square  incli ;  and  tlicse  again  into  twelfths.  So,  also,  a  cubic  foot  is 
divided  into  12  equal  parts,  each  Hi  cubic  intlice ;  each  of  those  into  12  paila,  each 
12  cubic  inches ;  and  each,  of  those  into  12  parts,  each  1  cubic  inch.  To  multiply  a 
certain  number  of  feet  and  inches  by  some  otlier  number  of  feet  and  inches,  the  one 
quantity  is  written  below  the  other,  aa  in  ordinary  multiplication. 

'..  The  inches  are  multiplied  by  inches,  tlio  product  divided  by  twelve,  the  remalndor 
written  one  place  back  from  the  inches,  and  the  quotient  carried  to  the  next  operation. 

2.  The  feet  arc  multiplied  by  inches,  and  the  number  carried  &om  Ibe  former 
operation  added,  the  result  divided  by  twelve,  the  remainder  written  in  the  place  of 
inches,  and  the  quotient  written  in  the  place  of  feet. 

3.  The  inches  are  multiplied  by  feet,  the  result  divided  by  twelTO,  the  remainder 
wrttt«n  in  the  place  of  inches,  and  the  quotient  carried. 

4.  The  feet  are  multiplied  by  feet  and  the  carried  number  added,  and  the  whole 
written  in  the  place  of  feet. 

6.  The  results  of  the  two  multiplications  are  added,  carrying  by  twelves. 
For  cubing,  the  same  process  is  repeated,  remembering  that  in  the  ouhed  result,  oi 
tie  reault  of  multiplying  three  quantities  of  feet  and  inches,  there  are  four  places, — vU., 
GuW  feet ;  twelfths,  each  114  cubic  inches ;  twelfths  of  twelfths,  each  12  cubic  inchee ; 
and  cubic  inches. 

—Required  the  cubic  contents  of  a  cistern,  tie  base  of  which  is  4  ft.  8  ins. 
long  by  3  ft.  10  ins.  wide,  and  the  height  S  ft.  7  ina. 
We  first  find  the  area  of  the  base. 
■  jd     '  Operation.  Sins.  X  10 ins.  =  80 m|. ins.  and  ^5  =  8 pis.  Sins,  o. 

carry  6  and  write  8,  a. 
4ft.  X  10  ins.  =  40,  add  6  =  46,  and— =3ft.  10pts.(,<. 
8  ina.  X  3  It  =  24,  and  ?|  =  J  ft  0  pt». 
carry  2,  and  write  0,  if. 
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B8TIXATED  WXIAHT  OF  DOFESXST  BODIES. 

"Wc  BOT  mnltiply  tha  uea  of  ban  b;  the  heisht. 

ftpta.  iiu. 
Aim  17  to    8 


on.  8  X  7  =  S8,  and~  =  4;fLems.,can74. 
10  X  7  +  4  =  74,  and  [i  =6ft.2in».,can7a. 
17  X  7  +  6  =  125,  wid -^ss  lOfLfiiaa. 

8  X  5  =  40,  and  11  =  3ft.  4uif.,  carry  3. 

10  X5  +  3  =  53,imd^=4ft.5ma.,oan7*. 
17  X  S  +  4  =  89.    Sam  the  liae*. 
The  onbio  contents  «re  therefore 

B9cub.ft.IOtireifthB,6hundredttiidfiirty-ftturtb8,8oub.in8.,  or 99 ft.  ISSOcub.ioE., 
eoanie     10  tTelfUu,  each  of  144  cubic  iuches    .    .    .    =  1440  cabio  iochet. 
6  hundred  and  fijrty-fourtbt,  each  12  cub.  ina.    ;=      73         „ 
8  cubic  incbea 8         „ 

1620 
■Water  ii  generally  taken  aa  the  standard  of  apeciflc  gravity,  and  it  fortunately 
happens  that  1  cubic  foot  of  water  weighs  Tery  nearly  1000  ounces.    By  reference  fc 
any  table  of  specific  gravitiea,  tbe  wfiglit  of  a  cubic  foot  of  each  material  is  given 
I  ounces]  and  from  thia  may  be  readily  derived — 

1.  The  weight  of  I  cubic  foot  in  lbs.,  viz.  Ath  of  the  specific  gravity  ra  weight  in 
B.,  because  1  oi.  =z  -ffth  of  1  lb. 

2.  The  weight  of  1  cubic  inch  in  ounces — viz.,  the  specific  gravity  divided  by  1728, 
ccauae  there  are  1728  cubic  inchea  in  1  cubic  foot — and  tie  weight  of  1  cubic  inch  in 
IS.,  viz.  the  specific  gravity  divided  by  1728  and  the  quotient  by  16,  or  the  apecific 

gravity  divided  by  27  '  " 

3.  The  number  of  cubic  inehea  in  I  lb.,  viz.  16  tJmes  1728,  or  27818  divided  by 
the  specific  gravity. 

4.  The  number  of  cubic  feet  ia  1  (on,  viz.  2240  lbs.  X  16  oz.,  or  35840  oe.  divided 
by  the  apecific  gravity. 

£xample  1. — Be^uired  the  weight  in  Iba.  of  7  cubic  feet  of  Edgligh  oak. 

*i~- 1!"'--^"  X  7  =  >9JiIb.,  »  S™i.  !qr.  If  11,. 
£xaTnple  2. — Acquired  the  weight  of  178  cubic  inches  of  cast-iron. 

7200 


*  SaX '"  =  "»"»■ 


£teemph  4. — Bequired  the  number  of  cubic  feet  in  20  tona  of  granite. 
35840 


X  20  =  265^  cubic  feet. 
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500  ESTnuTXi)  wxiOHT  OF  lOFrxBXTn  bodieb. 

In  esUmating  tbe  weight  of  vrought-uon  cylindrical  bin,  the  following  metliod  is 
B  reiy  near  approximation : — 

Sule. — Square  tie  diameter  reduced  to  cightlu  of  an  incb,  multiply  by  ttiB  lengUi 
in  feet  and  by  4}-,  and  point  off  two  decimid  places  for  the  weight  in  Ibe. 

Etamplf  1. — Beq.uijed  the  weight  of  a  bar  of  wrought-iron  5^  ins.  diuneter  i 
7ft.  Tina. long. 

S}iiis.  =  47  eighths,  and  7  ft.  Tins.  =  7lVft■ 
4r  X  47  X  7AX4t  =  69*01. 

Thoweight  is  therefore  894  lb«,,  or  6  cwt.Oqr.  221ba. 

For  WTOugbt-iron  bare  of  rectangular  section : — The  widths  of  those  advance  by 
qnartere,  and  the  thickness  by  eighths  of  an  inch. 

Eult. — Multiply  the  breadth  in  quarters  of  an  inch  by  the  thickness  in  eighths,  by 
the  length  in  feet,  and  by  lOJ,  and  point  off  two  decimal  places  for  the  weight  in  Ibe. 

Examplt  2. — Bequired  the  weight  of  a  bar  of  wrought-iion  E^  ins,  wide,  f  in.  thick, 
and  3  feet  long. 

Width  9  qra.  %  thickness  3  eighths  X  length  3  ft.  X  10}  ==.  850 ;  therefore  the 
weight  is  8-5  lbs. 

For  wrought-iron  plates. 

S^dt. — Multiply  the  area  in  square  feet  by  the  thickness  in  eighths  of  an  inch,  and 
by  S  for  the  weight  in  lbs. 

Example  3. — Required  the  weight  of  123  square  feet  of  boiler-plate  \  ^iii.  Ihiclc. 

THcknesa  \  -ft,  or  2i  eighths  of  an  inch, 

123  X  2i  X  6  =  163811)8.,  or  ISowt.  Iqr.  241bB. 

For  cast-iron  balla. 

SuU.—Xo  the  cube  of  half  tho  diameter  (in  inches]  add  its  eleventh  part  for  tlie 
weight  in  lbs. 

SiampU  4.— Required  tie  weight  of  a  cast-iron  ball  6  ins.  diameter.     Half  tha 
diameter  is  3  ins.. 

And  3X3X3      .     .  =  27 
Add  one-eleventh  of  27  =:    26 

Weight 29-61bs. 


The  practical  mechanic  who  has  frequent  occasion  for  ealcnlations  at  to  weigl 
volumes,  and  Btrengths  of  materialB,  would  do  well  to  provide  himself  with  some  of 
published  tables  of  squares,  cubes,  areas,  and  circumferences  of  circles,  weights,. and 
the  tike.  These  tables  are  useful  in  abridging  the  labour  of  calculation,  and  in 
diminishing  the  chances  of  error ;  but  as  it  often  happens  that  auch  books  of  reference 
e  not  accessible  at  the  time  a  computation  may  be  required,  it  is  well  that  he  should 
be  prepared  with  some  of  the  simple  rules  given  above,  and  that  he  should  bear  in 
memory  a  few  of  the  numerical  values  of  the  gravity  and  other  properties  of  BOmi 
the  materials  most  generally  used,  such  as  iron,  gun-metal,  and  timber. 
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Rulet  tm  Hndlag  tba  olnumCenDcs  of  an 

S«n«  propeller,  pilch  of  aeraw  „ KS 

»atw  prapeUara.  fi>rm  of  bearing  need    47> 
S.j«p-.SXra^.ngl«fbfdn.-^^ 

Bl-d«  MMmplejTdrawln,,  n»3  no    ^^ 

Rule,  for  Ondi;;';  tba  t«Ud  ooalanta  of 
Rule»tora'nflbigthe"ilur&V"Mnt*niVo( 

B^  for  andlng  the -ai^t  ^bi^  m,  4M 

Riileer«iD«aluin|>e«it 4M 

Rul..fo.n.a..urini[a.«r«dflpir...._    IM 

R^ii""*""^'"'™ JJJ 

Shadow!  and  •bad«,du«teg lii,lM 

fl. 

Btaafi.iurtoimacbloery',  cDUldered.-    411 
ehaft,  nbl.    (Sh  Mlll-ihaft.) 
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BhalU,  hallo*  «  InbulH 

ibtliid 

m- 

BliCS  '^'    puldl»wtiici 

til*   >h 

>cki 

m^  Prt«  "x^™  ■»» 

iget 

■hi^npid    Mufa« 

l)H 

Shi^,  mlH  f«  flndlni 

tbtytoft 

dl- 

ShiRi,  isbn  of  tonlm  itresphi 

Shiitu,  ihtir  bMilBgi  c»w-hHatind 

Blufli,  Ihe  nuolHii   or  niolulloni  aa 

Btwrti,  iha  niluun  to   Wn<oa  ti  ai 


r'l^ 

mclil 

mHmnuTfM 

:"m 

^liui 

OWJ  -. 

.. „ 

Shcmn 
Bheix, 

Bblpln 

till 

lotiaii 

fMMB  <llH    iB 

•tOB- 

lluulloaiiltluiriUL.. 

«b'i.ir. 

ril'tho" 

tz 

llBg  ninuai,  tiit  rniaMoa'ia 

"^ 

Sod.  mud  POIUM  ■n^^^  i^  itaTj-. 

~.Z 

Bolldt,  to  ind  ihvir  ipvcUio  grmvltj  lij 

Sol-y  Fill)i,  Iftatmienrinlor-!!!!!!!  » 

Sound,  It)  Telsdl;  - ^".^'.'.'.ZZ.'Z  1 

Bpidc  >  l«er  ^ -..-.__..,  1 

Spun  ud  "clacliT  — - ^_._ l 

■liui  InOnltelr  dliidUa 

SpuijiutedlhioDglibTi&UliulKidy...  SI 
8pa«  puHd  throDfta  bj  i  morlaf  bodj 

apKllcfnvUj. ._-...„..._— ^_iu|  II 

BpMd  U  dlituH  ud  Udm  X 

BpMd  ofpnllcji.  rnlM  tm  odauliClig  ._  41 
Sphere  Uted  with  fluid,  U  detmalaa  the 


relfht  U(I*H> - - 

Hphentipn^ectloii  (tf  the  ihBdo«i...p 
Bphttr'i  ihrud  I  111  diuuttr  •-»« 

Spindle.  cosildenA _. 

BpiBdl*!,  rulea  to  '**i*^>»**  etnin  ». 


Bpirlte  of  wine ..^ 

BpMte  of  vine  in  upflUirUt 
Spiliberien,  fine*  of  fikTlty 

Spokei  or  ■ -vheel  u  teren  .. 

spDBfliint  In  MitiioB  _„„.^ 

Spontini  fluidi_ _ 

Spouti  X  eomputfttlw  of  tbdi  nnft  kd 

BTAag.dr'mMogiu^l.'Z'Z'Z'L'Z.'.'.^'. 

Spring-belui 


„Gooj^lc 


moBX.                                                   AtS 

>»> 

IJieun  pnuun  mounKd  In  lncb»  ot 

SWHnboller.quBniltjof  ustiiwqiiiircd.    aBl 
BtHmboUcr,  liikorciploilon    .-_.. —    SB3 

Stoim   prMiun,   ubit  It  Itw  OTtiago 

Slaam;  the  T^lume  mulliplied  b'y  iha 

Eleim  veuel,  itaock  on  pii'dio-whaii.  ,_    JOS 

SlEsm  leueli,  focm  of  beiring  uud  In!!!     479 
Bwim,  w«lobttwetnbplI.[«udoiiglM.    Ma 

i2i3sra."7ffif.r -s 

KKSsr";;?;™-!:;;  i; 

Glum-aogliiH  for  pumping  ncfconcd  ...    231 
B^«I»™  ■■ - -    «5 

Iron  . — ~ I'fi 

Sl«m^ngi]«^,lnB^.Bcsolltlle»^ll_...    232 
Slcim-enguei,   ingthoili  ot  Ktliniiting 

Sleclj-aifl,  Bomm,  108,  109;  Dtioiiii 110 

suck,  pointed  hon  n  miy  b«  b^ioeed 

aiODo,  Portland,  iu  sporillc  gninly  IJ 

li^j^rK^uSis^K:?""'" ;^i 

Btomii,  vslodlj  »nd  pmiure  of. SU 

St»Qi-.ngiD»,poruble - 431 

Sinm-cugJi...,     p«..[     meunnd     by 

|«™*n<lMi.  B.v«y''i_ „ *n 

Strain,  tortlva.    (S^Timian.j 
B.»to..r«.l«il,in=«!hin«f  aw 

Slrap^iyiintlwoonneelii'ig^Sd  ....- IM 

.UH.p.^u. _ 'a^T.....    Sii 

EtWD  anleUng  &  cold  syllnder  beEomei 

Btrapi,  rulei  for  flnding  dlmenidana  ._...    4T» 

BMun,  la  whu  condMt  Uw  grut  i«»t 

Blienglh,  liowtoiocurotbi'grMtoai!!....    »)0 
Blroagib,  of  matirlali  ■  neocaaMr  know- 

Sleun,  bdloUtoD  or  iu  p«va..._ »70 

BWni.  lib.  ot  fuol  cu  tun  10Ib>.  ot 

Btrcogih   ot  mateitaU,  H^  'S^~^. 

''S£r'!r''-"^""^'"^''2« 

Suuo  powor,  diieii  mpplieaiion  of l»l 

Situn  poH«,  fonoulklaicilculKiiiii SUT 

Bctcngib,».na.er»,orbuma.lab]«   ...    ISM 
Strengtb,  iianiieite,  ot  malertali,  modo 

Strlnga,  UnrtSS  of ISl,  li» 
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striking  ge*r,  ttt  OM  — 


■isrr  - 

Ik  in  tk*  Wat  Indlu 

PS^SStJ'SSZii^. 

SulphunTara 
MriftwBllUh 

tb«..p»pO»d»(iD.    ._ 

In  m  ulld,   Uiold,  »1 

■..»»<.  Hq.111- 

BupRtlcUl  nwiii 
;urf««.  pl«. 

r^iW-rrri-fT 

Tublfc    lObMlT 

T. 
•tnngih  or  cliBdilMj 

"(•;--" 

.t»Bti1i  of  *«i««  nuf 

Tibk,  cohulT 

•tmifMi  of  vnuilit. 

ortUwIlaotavliidDill 

TiUe   of  pnu 

TbdiIti  tlnia  or  bcmni,  how  met...H.J 

gKatai  Ibin  lb*t  St  dioalu..... 

TeitllifaliTlci,  muhlDuj.^. .... 

TeilUc  hbilci,  iDtiliaiti  otswilBi  •> 


Th[Vtilc-Til>e,  kow^ut  in 

Thioltle-ii«l*.  in  Km 

Tbtov  of  Ihs  ennk 


Tidil  cuiTCnti.  Ihitli  leloeitio...- 

TIdtmJIIi.- _._ 

TIdci,  vlitn  Bnt  eonnrud  tataBiel 

Tils-uiklDgtq^VleuD  'Z'Z'. 


THih  of  wheel*,  ttwit  tb( 
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ntBEi.                                             fil7   ] 

Torrten  cuntldertd »W.  md™ 

Tor^n,  Ihe  iMlilanca  of  ■  ^rUBdrtciii 

SIO. 

Telocity  and  w.lght  HO  oocTKtlMo  _.,..    1» 

TelodiriidiiUnceuidtlni _._    HI 

Veledt,  of  a  body  „ _....      10 

VelocltT  of  tha  i^d..._ „    114 

?t£'?.-,'S£-^!!;.-;;..r:r::  S 

TreH.thefoRMwb(iihiDHdniU)BiitaplM,lW 

Vecticd  lino.,  what  are .all.d'»   ....„    wr 
T«M0l,  trregnlar,  bow  to  aaoenaln  Ita 

Teaiela,thrfrinotlonli"iuld   _. IS 

Vibrio  undulatB,  how  mbata __.-       0 

Tubular  btHfiii.    (Sm  BoUali.) 

K™'r.r::^.';?r..=::  ,4 

Volnme  deurmlnod  fro^'IUlfio  gtaVlp^ 

W. 

WalWnd,  the  aetfon  of _.    SIO 

Wdk  of  man  anil  animal _ a»,  W 

Waahlog  machlnei,  melhoda  for  moilng.    463 

Tmningiiiachlnerj..... — .._ MS 

Twl%M,  bow  long  oontlnnea  _ 113 

Twinlnf-foro;  t» 

TI. 

Watcbe.  are  the  moat  logenlona  dovicei 

Water  sioutMnf  power _ Ml 

Wateranj  iplilu  of  wine,  wheombied, 

Water  atlneied  in  general  bj  aollda  ...,_    i»t 
Water,  cbannela  fot  eoBtwing  It  ta  milla 
water  eloe. __!!_    „.„!!.^|S 

WHiei.  eonlrlvancei  fot  railing  ...148,  and  foil. 

Dndenbol-wheeli,  letminDloKy  ,„„.    141 

OBd.r>botwh»1<wtthTenlci>llloali  ...    131 
VninTU]]idntforooDpllngabafu 441 

V. 

Jtiir^sir"^ -:— - JSI 

Valre,  .butolT 1» 

WaiMconyeyedbrpipa.  hiiiarewiToi    IS9 
Water,illi(illeil,B(Uuidaidotweigbl  „      11 
Water,  dt.tilled,  It.gra.llr 1GS 

S3-^^  «=:=-=,  S 

Water,  In  lie  lolld,  liquid,  and  attifDnn 

Val«.  for  opening  *.d  oloTi;;^  w.t«. 
TalTea  of  liie  condeniM  _ _,..    4» 

Tanei  or  boordi  of  wlnilmlll lit 

Taponi  and  gai,  tbe  dtfl^noe  between..       0 

Yaponr  ralwd  from  wain.  Hi  fonn   I» 

Water,  iBelantefloid  Ifil 

Water,  Ita  actlsn  lowndt  India  rubbar...      H» 

Water,  lla  power  lo  eoflTO*  pouad  _ 11 

Waler.ltaTeloeitylhnHighapipa....^...    lot 

by  lib.  fuel -    m 

Wjjj^^lB..,  1,.™..  .  „-„«  .,  ^ 

V^bi.  prodoei  machUr  for  pn-  ^^ 

?£M:ii^'5.rrirrenTof ;;; 
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WalghtiT^lnKinuhliuij-.. 


WhHl,  clUntlnt  .... 

Whnl.  Psnlu,  ftr  t 
'WhHl.iiiii  (nil  plum 


Whiulair'i  inrliliKi 


Titn.maTnHntottM  „—.-._ — .  tU  I 

Wntawwet  „ ,........~.._IU,ud  t«U. 

WUvpoan.utefUUiiniir  ............  Ml  reauee....- _, 

WiWi  pover,  ioImUj  or _....  tta       Wdghii  pHhable  t> 

ViurpiniunlnlhahTdiinUBennt-.  )H   '       niairnn 

Wuat  pnuuH  Ml  ■  llnl  bsuil  ,..,_„...  in 

VsMr^mmpina  In  diHki  -.—.., .....  <M 

Wmtar,  qniinUlr  di>cli«r(sd  by  ■  pump...  II' 

Watn,  iililni  U  mlnn ._.„.■ ft» 

WainnMirdn  .... _..__._..,  Ml 

Witu  riiu  ibimt  11  bet  Ibnmgh  tnlM 

uhfuitcfl  ar  alT _ _....  IH 

W4teTttn4ini.«nDpAntl«eT«lQdtj ......  M) 

Wuei,  the  fence  oT  Tspgnr  r^ud  fmB_.  Ill 

Wftter,  thaofiJcctoriifdiodrnRinki  ...».  Its 

Wiler,  lroT-we*lil  of  .  euHie  inch  . —  1J» 

Tittr,  weight  ar  (cubic  f»l«f  ...~ Ill 

WiUr-whcel  (amMt) tlT.ud  foil. 

TUcr-itherl  (hnul),  tompuutTe  poiret  M» 
WU>i-iibcel(hnut),Htliiuiledpiniu  MO,  Ml 

VitcF-wbtd  (bnwnj,  iu  deicripllon t3» 

WMOT^h«l,omliot'_'"^f i37,WJ 

WMn-wbHl,  oTcnbot,  iu  but  santtrue- 

tlon  ......„,...„ „„ »H,«7 

Vil*r-whHl,  onnbot,  iU  moiE  idiiin- 

t^HuTriHliT — ... —    US,  ur 

Tater-irhcvl,  oTcrvbot,  rulei  for  nknlA^ 

lBtmoel'7  _ _ ISl 

Titar-vhtcl,  OTenhot,  ■bn>  (pplinU*.    941 

W*t«-wbc«l  lurblu iU,  and  bill. 

Wmn-vbrnl  IDibin*  duHlbid    .    MI 

Witcr-vh»l  cnibine.  «tln»ted  pown ...    146 

Wit«-wluel,  nndcnhot _Mr,Ul 

WUn-wliHl,  undenbot,  the  nenlHl  p«- 

■IblceBM „„.......—.__- 9(14 

Wu^r-wbMli  an  ar  Ibn*  kludi . 
W«t«t.wb»di,        ■      -  ■ 

vSlw^'bnilh" 

Wun<-w>weli, .„ 

Waler-vhMlB,  thdl  Tdaellr  ihsuld  nut 

noMdsuMbinltbatortba 

VUerir«k*r«iDpplTli     - 

V«t>(  puiii^ 


•pilBS*  (Mrncniu 


Iherine,  Ita  pdndpla  ipplM  to 


iti  piuiurg  pmpoi 
■nor^ibciclocit;    . 


VindluiitbaMatluior  npesccclubii.  4M 

Vludmilli.adTuUagnst..... Ut 

Wjndmllli,  ippintui  fbi  nEulitliiir...31^  Its 

WlndmlUifoiglTlngmaUaBtoramchinecy  »1S 
Winmnilli,  bonunul,  not  »  Bir*cUte 

WIndmlllt    pu'titiir'ninoimdMl'^''i> 

Windmlllil  Kiltnga>iSa}!'''Z7.'.7^7.'.'ZZ  134 

WindmUli,  theit  caniEnuibm II».JI1 

Windmilli,  nlodlror. .. 314 

WlnuowlDi  cota  Iv  •te*m-P>*cr  _~...  411 
Wlat,  iplriti  of,  and  watu,  wben  mlud. 

eontMct ._ _ .-„,. ir 

Wloa  tuMr  dncribod „  no 

Wire,  •  ilpiularract  on „._... jnt,  171 

Wlro^diBw^graacnlns^ „  IH 

Wlie  of  (old,  or  of  plstlDum  _—  B 

Wi»,  the  itienftb  sompnted tri 

WirtembuTff  trphon   ...—............ siJf 

Vood,  iHwhiiti  fpeoMoEralllx —  11 

Wood  colnmni,  cipcilmanli  on ...._ 174 

Wood,  data  for  calculacinf  tbo  iCmiffth..  WT 

Wood,  aim,  ill  slutlclly  „ M 

Wood,  uperlmenli  u  to  comptutlsil  .,  US 
Wood,  how   toctloD)  in    dmriac    an 

Wood,  mabo^any,  ili  ape^o  gravl^  ».  II 

Wood,  oak,  Itt  apacHIc  graWljr... II 

Wood  on  wood,  table  of  Mctlon iTT 

Wood,  working  maohlDerT  _... ut 

Wollaitoii'on  erf itiV.™.™  ™'r.'.V.7.«,  W 

Wool,  machbiBty  for  ptepartng   ...........  Ud 

Woollau  olotb,  table  of  liietlon vr 
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'Work,  UKhnlal,  d<lliud  .> 


Worknuu  IftnilUd  by  tb*  oh  at  nu- 

Wurkmui'ihanld  b«  lUsmd  le'M«*th( 

multot  hitaffiirU..... „. ] 

Worn  ind  wlutlu  _._...»_ ....__    < 
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DIRECTIONS  FOR  THE  BINDER. 

Til  Xumhri  marlti  {*)  iadieate  the  first  hat/,  <atd  thnte  marhed  (t)  the  latter  half. 


VOL.  I.— ORGANIC  NATURE,  Vol.  1. 

COKFIUSINO  TKB  SkBLRTOK  jUJD  TeBTH,   PhTSIOLOOT  AND  EtHSOQBAPHT. 

ConUined  in  Nob.  1,  2,  fi,  7,9,10,  12,  If,  IT,  18, 19, 21,  and  25.    The  Map  ia  mteadod 
to  face  page  305. 

VOL.  II.— MATHEMATICS. 

CoHFBuma  ABiTgMirno,  Aloedra  wttr  SoLoiiosa,  Fianb  i.si>  PoAcncAL 

Gbohbtbt,  Tiuoonohetut,  tcf. 

Contuned  in  Noa.  3,6,  11,  14,26,10,22,29,30,32,33,35,37,  38,sndt42;  BolutioDB 

to  be  bound  at  Uie  end  of  tho  Vol.  aro  compriied  in  Noa.  S9,  *60,  and  the  laat  eight 

pages  of  65. 

VOL.  III.— ORGANIC  NATURE,  Vol.  2. 

CovpiUBUd}  Botany,  ani)  the  Intbbtkbhate  Animals. 

ConUined  in  Noa.  39,  41,  43,  45,  48,  SI,  46,  47,  49,  fO,  £3,  S4,  S6,  57, 58,  tCO,  t62. 


VOL.  IV.— ELEMENTARY  CHEMISTRY. 

CoKFOlBIHa  ChEHI^IBY  of  the  Il[POMDEKABI.B  AoEtin  AHT>  InOBGAKIC  BoDIEB. 

CoDtuned  in  Nt».  55,  61,  -62,  63,  64,  66,  67,  68,  70,  72,  75,  78,  82,  fSS,  90,  92,  95, 
t97,  and  four  pages  of  106  (Title). 

VOL.  v.— INORGANIC  NATURE. 

COKPBISINO  GbOLOOT,  CBTBTALLOaOAFHT,  UujEBALOaT,  &C. 

Contained  in  Nos.  8,  13,  20,  23,  24,  27,  31,  34,  36,  40,  •42,  44,  62,  t77,  fSO,  t83,  t84, 
t86,  i-gs,  96,  96,  tlOO,  tl02,  flOS,  and  106 ;  Map  of  VoloDoeB  to  fiuo  TiUe-page. 


VOL.  VI.— ORGANIC  NATURE,  Vol.  3. 

CoMPBisiNO  Vbhtebbate  Andialb. 

Contained  in  Nos.  "85,  69,  71,  74,  •77,  79,  '80,  "83,  "84,  *Z6,  87,  •88,  91,  •93, 

•97,  99,  "lOO,  101,  'loa,  'lOa,  104,  105,  •loe. 
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VOL.  VII. 

CoUPBUtNO  NjtnOATION,   NAmOAI.  AsTBOnOKT,  AKD  HnTOBOLOGT. 

Nob,  73,  76,  81,  85,  89,  94,  117,  tUS,  118,  119,  •120,  "123,  •124,  •123, 
tl20,  121,  122,  tiaS,  tl24,  tl25,  126,  127,  128,  +130,  +134  (Tiae.) 


VOL.  VIII.— PRACTICAL  CHEMISTET. 
CoKTBiBtMO  ELBcraO'DerosmoN,  Photooeapht,  Ckemistby  df  Food,  tVD 

ASTIFICIAI.    IlXUMIHATlOS. 

CoDtaised  in  Not.  107,  108,  109,  110,  111,  112,  113,  114,  115,  •116,  129,  -130,  131, 
132,  133,  134,  135,  136,  +141,  +142,  +143. 

VOL.  IX.— MECHANICAL  PHILOSOPHY.        "^ 

CoMFBiemo  Pbopebties  of  Mittzb,  KnmogtKitix,  HTDBODTKAinrs,  Lysauics, 

Pneuhatics,  Pkaittical  Mechanics,  and  the  Steam  Ekoike.  ;; 

Contained  in  Nos.  4,  28,  145,  '146,  •149,  +H6,  •147,  148,  -ISO,  -161,  137,   138, 

138,  140,  'Ml,  •142,  "143,  144,  fW,  +149,  +150,  Ifil,  152. 

The  above  being  the  ordei  in  which  they  were  published. 

Tro  Seti  of  Titles  accompany  each  Valane,  in  order  that  it  may  tie  bound  either 
u  a  Complete  Work  oi  as  ■  Volume  of  the  "  Cibcle,"  according  to  the  viahes  of  Sob- 
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In  lloT«mb«z,  Vrica  ThxM-Veno*,  to  %•  PnUtahed  Weekly 

OEE'S 
CIECLE  OF  THE  mOUSTRIAL  AETS: 

a  $mts  if  ^nlttraiH 

TEACHING  THE  APPLICATION  OF  SCIENCE  TO  INDTrSTEUL 
AND  DECORATIVE  AET. 


The  CincLB  o?  tbe  Sciehcbs,  now  on  the  eve  of  completion,  was  undertaken  U 
lUpply  s  Series  of  Treadles  on  Elementary  Science.  In  the  preparation  of  thest 
Treatises,  the  olsject  kept  in  view  waa  to  produce  an  exposition  of  the  more  nsefii 
branches  of  Science,  written  in  the  fiUUiesi  of  knowledge,  and  with  a  perfect 
■nurtery  of  the  subject  under  consideration,  but  devoid  of  technicalities  oi  far  u 
waa  Bttiunable  without  the  BBCrlfice  of  scienti^c  accuracy.  lu  furtherance  of  thi 
intention,  anistance  waa  sought  in  the  highest  Scientific  Circles,  and  obtidnec 
from  the  eminent  men  whoae  namea  ate  attached  to  tbe  respective  volumes 

The  Cibclb  or  Industrial  Art  now  announced, is  intended  to  fonn  aCom' 
panion  Series  to  The  Cihcle  of  the  Sciences; — erabodying,  aa  it  were,  tht 
Principles  of  Science  in  their  practical  application  to  the  various  Industrial  Arts, 
ind  as  assistance  wai  sought  for  the  former  Series  in  tha  highest  quarters,  so 
JQ  like  manner,  has  the  most  efficient  co-operation  been  obtained  for  the  present 
Wmk,  which  may  he  viewed  as  an  estenaion  of  the  fbnner  Kheme.  The  Conductoi 
Tusia  that  a  support,  equal  to  that  so  liberally  accorded  to  The  CibciiE  of  thi 
iciiSHcEs,  will  be  accorded  to  its  successor,  which  may  be  considered  even  i 
[reater  deaideratuin  in  our  Literature. 

The  same  size  and  price  will  be  adopted  aa  in  Tbb  Circle  of  the  Science*  , 
but  a  type  somewhat  larger  and  more  legible  will  be  selected,  in  order  to  mee* 
objections  which  have  in  some  iniitances  been  raised,  that  the  type  waa  too  imalj 
iar  the  uze  of  the  page.  Inasmuch,  also,  as  tbe  Engravings  will  he  more  elaborate, 
a  superior  paper  will  be  used,  so  as  to  give  a  better  effect  to  them. 
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The  Eubjects  intended  to  b«  treated  of  ftre  given  in  the  following  list ;  but 
modiGcalions  of  them  may  be  found  desirable  in  the  progress  of  the  work.  ]t  is 
intended,  however,  to  confine  the  work  itiictlj  within  the  Ten  Volnmet  here 
announced. 

I.  Thi  Usiefci.  Mbtau  and  THBiit  AuiOTB ;  including  Mimng,  Smeltdng,  and  Be- 

fining  of  Iron,  Copper  in  ita  varieties,  Tin,  Lead,  Zinc,  and  Antimony ;  tho 
MBterids  and  Apparatus  tued  in  Extracting  nnd  Converting  the  Orca  into 'W^roQght- 
iron,  Steel,  Bronze,  Gun-meta!,  and  otber  special  Metallurgic  proceBseB ;  with 
their  adaptation  to  Architectural,  OmunentB],  and  Decorative  purposes. 

II.  Tbb  Preciotts  Metals  akd  nraia  Alkits  ;  including  their  Historj,  Methods  of 

KitrttCting  and  Smelting  Gold,  Silver,  Mercury,  Plstinmn,  Palladium,  Ehodium, 
Nickel,  and  Albato,  from  their  Ores,  and  their  application  to  the  Arts. 
ITT.  AiiCHiTEiTruBE ;  including  the  History  of  the  various  Orders  and  Styles;  ths 
.Xathetics  of  Urban  and  Suburban  ArchitocturB,  Sanitary  Arrangements,  Drain- 
age, Water  Si^plj,  Heating,  Ventilation,  Acoustics,  and  other  Appliances  used  in 
Public  Buildings  and  Private  Dwellings;  the  Mature,  Properties,  Coat,  and 
Trade  Arrangements  respecting  Building  Materials. 
TV.  Civn,  ENOiNEBBiKa ;  including  Bead  and  Street  Making  and  Paving ;  Sewerage, 
and  Water  Supplies  of  Towns ;  Bridge  Building,  Bailway  Tunnels  and  Cuttings, 
Formations  of  Canals,  Locks,  Gntbankmeuli,  and  Sea  Walls ;  Scientific  Drainage 
of  Lakes  and  Tiargs  Districta. 

V.  The  HaJTAKT  Art;  including  the  Formation  and  Discipline  of  Annies,  FieM 
Fortifications,  and  Military  Architecture  ;  Principles  of  Attack  and  Dcfeuco  ; 
Weapons  and  Implements  i^  War,  Projectiles,  Gunpowder,  and  otiier  Explosive 
Substancee,  with  tlie  more  t«cent  Medumiosl  and  Chemical  Appliances. 

VT.  Decokativb  Ast  ;  including  House-decoration  and  Fumiahing,  tho  Principles  of 
Design,  and  their  application  to  Sbme,  Marble,  Metal,  Paper,  Carpeting,  and  oilier 
.ltfc)iiiiilii  used  in  the  Decoration  of  Public  Bnilttingir  nnA  Private  Dwellinge. 

VIT.  Jmaohhio,  Dtsiho,  amd  PEmrrao,  u  applicable  to  the  Textile  Fabrics,  to 
Paper-hanging,  and  Art-piintiug,  with  tbe  Fiinciplea  of  Design  adapted  to 
Eueh  purposes.  .. 

VITI.  Gulm,  Potteri,  akd  Pokoblaim  ;  including  their  Manufacture,  Principles  of 
Design  for  their  Omamentalion,  and  the  Cbenucal  Applications  of  ths  various 
Pigments. 

IX.  pAiKTraa,  SuuLt-ruun,  abd  Pi.Ama  Axr ;  indoding  Anatomical  Eipresmon,  and 
the  Application  of  the  Human  Form  and  other  Haturol  Objects  to  OmameBtal 
Purposes  and  Decorative  Art. 

X  Fkacttcai.  AaniraLTcmB ;  including  Chemtcal  Anslyscs  of  Soils,  Ftinciple*  of 
Tillage  and  Cropping,  the  Management  of  Domestic  Animals,  and  the  Applioatiou 
<d  Mftdiinery  and  Steam  Power  to  Agriculture. 
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